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ABSTRACT
Land managers have long debated the efficacy of available options 
for replacement plant communities and planted cover on previously 
disturbed soils. I used waterfowl nest success to evaluate planted 
cover types of Dense Nesting Cover (DNC) and Native Grass Planting (NP) 
from late April-early August 1994-95 on 39 Lonetree WMA study areas in 
central North Dakota. I was unable to detect a significant difference 
in waterfowl nest success between DNC and NP during 1994-95, despite 
major differences in cover height and density by visual obstruction 
reading (VOR) (P=0.001) and maximum height (P=0.02) measures by 
cover-year interaction. The power of our test would only allow us to 
detect a difference in Mayfield nest success of approximately > 15%.
Mean nest search densities were higher on DNC than NP for mallard 
(Anas platvrhvnchous) (P=0.0001), gadwall (Anas strepera) (P=0.0001), 
northern pintail (Anas acuta) (P=0.002), and total nest search density 
(i.e., all species of upland nesting ducks) (P=0.0001). Further, annual 
nest search densities were higher in 1995 compared to 1994 for 
blue-winged teal (Anas discors) (P=0.0002), and total nest search 
density (P=0.05). I believe that nest search density differences 
detected by cover type and year were due to differences in cover height 
and density, habitat use and nest site selection by nesting waterfowl, 
individual study area differences and availability of wetland complexes, 
and a return of higher than average rainfall during the evaluation 
period. To increase attractability of NP's to nesting waterfowl, I 
recommend that plant species diversity and heterogeneity of plant 
structure be increased on NP's.
A significant difference in waterfowl nest success was noted for 
both cover types combined in 1994 and 1995 (P=0.001). Mayfield nest
xrv
success in 1994 and 1995 averaged 26% (95% C.I.=17-38%) and 9% (95%
C.I.=6-14%), respectively. In part, I believe the difference in annual 
nest success was due to a decline in availability of small mammal prey 
(PcO.OOl) from 1994 to 1995 (primarily, Microtus spp. (P<0.001)}, 
density related factors, and predator related responses. Small mammal 
trapping conducted on Lonetree WMA in 1994 and 1995 by the N.D. 
Hantavirus Survey reported capture rate success of 16 and 10%, 
respectively for 1994 and 1995. Microtus spp. made up 31 and 13% of 
these captures in 1994 and 1995, respectively. Responses by avian and 




The Prairie Pothole Region of North America covers over 770,000 
km2 (approximately 300,000 mi2) of grassland and aspen parkland in the 
north-central United States and south-central Canada (Mann 1974,
Sargeant et al. 1993). The states and provinces include: Iowa, 
Minnesota, Montana, North Dakota, South Dakota, Alberta, British 
Columbia, Manitoba, and Saskatchewan (U.S. Fish and Wildl. Serv. and 
Canadian wildl. Serv. 1986; Sargeant et al. 1993). In North Dakota 
alone, the Prairie Pothole Region comprises 51.5% of the total state 
area (Stewart and Kantrud 1974).
Historically, the Prairie Pothole Region was covered by vast 
expanses of grassland and wetland habitats. It is for this same reason 
that the Prairie Pothole Region has provided abundant habitat critical 
to many avian and mammalian species, especially waterfowl. It has been 
estimated that 58% of the continental dabbling duck population uses the 
Prairie Pothole Region (U.S. Fish and Wildl. Serv. 1988; Sovada 1993), 
primarily as breeding habitat.
Habitat loss from human settlement and associated agriculture 
practices have been related factors towards losses of grasslands and 
wetland habitats, resulting in a reduction in available breeding habitat 
and affecting overall ecology of waterfowl species (Sugden and 
Beyersbergen 1984; Cowardin et al. 1983b; Klett et al. 1988; Greenwood 
et al. 1987, 1995; Clark and Nudds 1991). In addition to habitat loss 
and anthropogenic alteration, loss of prey species associated with 
habitat loss (Sovada 1993) and changes in distribution and abundance of 
predator species (Sargeant et al. 1993) have also contributed to the 
overall impacts on waterfowl populations.
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Habitat losses were acknowledged by early and modern human 
inhabitants as native grassland and wetland habitats were diminished by 
human use of the plow. Realization of benefits from "replacement plant 
communities" (Mueller-Dombois and Ellenberg 1974:413-415; Higgins and 
Barker 1982:2) such as forage grasses and legumes were noted earlier, 
but increased efforts in their seeding for forage production and soil 
conservation came in response to drought conditions of the 1930's and 
early 1940's (Higgins and Barker 1982).
In the mid-1950's the U.S. Department of Agriculture initiated 
several cropland retirement programs to offset overproduction of small 
grains. Initiation of the programs began with the Soil Bank Program of 
the late-1950's to early-1960's, the Cropland Adjustment Program (CAP) 
of the late-1960's to early-1970's, and the Water Bank Program soon to 
follow in the mid-1970's (Higgins and Barker 1982). Today, our latest 
program is the Conservation Reserve Program (CRP) contained within the 
1985, 1990, and 1996 Farm Bills. All of these farm programs were 
intended for stabilization of agricultural markets and soil-water 
conservation, but have yielded secondary benefits to several wildlife 
species including waterfowl.
Grassland and wetland habitats have been conserved by the National 
Wildlife Refuge System (under the 1929 Migratory Bird Conservation Act), 
U.S. Fish and wildlife Service Waterfowl Production Area program, and 
State wildlife management areas (WMA's) (e.g., Lonetree WMA). Even 
while lands have been conserved and reverted from cropland to permanent 
grassland cover, historical levels of grassland and wetland habitats 
have been permanently lost (Dahl 1990, Loveland and Hutcheson 1995).
Continental waterfowl populations have markedly increased in the 
last 2-3 years due to improved water conditions on the western prairies 
(U.S. Fish and Wildl. Serv. and Canadian wildl. Serv. 1994, 1995).
Still, nest success and recruitment rates in some areas remain low due 
to predation and limited availability of quality nesting and brood
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rearing habitat (Cowardin and Johnson 1979; Livezey 1981; Cowardin et 
al. 1983a, 1983b, 1985; Greenwood et. al 1987, 1995; M. A. Johnson et 
al. 1987; Klett et al. 1988; D. H. Johnson et al. 1989, 1992; Sovada 
1993; Sovada et al. 1995). In many areas < 20% of native grasslands 
remain (Cowardin et al. 1983b, Sugden and Beyersbergen 1984; Sovada 
1993). This has resulted in upland nests of ducks being concentrated in 
remaining upland habitats where they are at high risk to predation 
(Cowardin et al. 1983b). Therefore, wildlife managers have been forced 
to intensively manage waterfowl populations under limited availability 
of nesting habitat and on stagnant or shrinking fiscal budgets (Tome et 
al. 1994).
Newly created habitats from "replacement plant communities" have 
been widely used to offset the losses of grassland and wetland habitat. 
Types of cover planted have ranged from monotypic stands of tall 
wheatgrass (Agropyron elonqatum), mixes of introduced grasses and forbs 
(i.e., intermediate wheatgrass (Agropyron intermedium). smooth brome 
(Bromus inermis), alfalfa (Medicago sativa), and sweetclover (Melilotus 
spp.), cool season native grasses, and warm season native grasses.
Researchers on several different occasions have looked at cover 
plantings in the following literatures McAtee (1941), Duebbert (1969), 
Duebbert and Kantrud (1974), Nelson and Duebbert (1974), Duebbert and 
Lokemoen (1976, 1977, 1980), Cowardin and Johnson (1979), George et al. 
(1979), Kaiser et al. (1979), Duebbert et al. (1981), Livezey (1981), 
Higgins and Barker (1982), Higgins et al. (1984), Klett et al. (1984), 
Lokemoen (1984), Meyer (1987), Kantrud and Higgins (1992), and Hartley 
( 1994) .
Improvement of methodologies and techniques available to 
researchers have occurred since initial investigations of planted cover 
types. Concerns regarding previous research studies have included the 
following: small sample sizes, lack of available techniques in
determining predator species composition and impacts of individual
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predator species, occupancy by major canid species affecting nest 
success (Sovada 1993, Sovada et al. 1995), and evaluations that were not 
accompanied with planting descriptions and cover measurements.
Vast amounts of time, money, and public land have been invested 
into "replacement plant communities" as planted cover types. In North 
Dakota alone, there have been approximately 1.2 million ha (3 million 
acres) enrolled into the Conservation Reserve Program (CRP) which have 
been planted to grass or grass-legume covers (Reynolds et al. 1994). 
Therefore, it is essential that overall effects of planted cover types 
on waterfowl and other species be evaluated for benefits and long-term 
impacts on sustainable management of wildlife species. Results from 
research projects may be utilized under modeling procedures for 
potential production and other estimates on which to base sound, future 
management decisions.
From two presently available planted cover types, which type of 
cover should be planted to benefit overall waterfowl production: (a) 
plantings of introduced grasses and forbs, referred to as dense nesting 
cover (DNC) or (b) native grass plantings (NP' s)?
I used waterfowl as my evaluation tool since: (a) grassland 
habitats in the Prairie Pothole Region are heavily used by waterfowl,
(b) sampling techniques and ecological information about waterfowl are 
readily available, (c) other projects using different cover type 
compositions have been conducted, and (d) waterfowl have economic and 
other values on which to base project funding. Many other species may 
have equal aesthetic and biological importance, but there is demand for 
waterfowl research which in the process will benefit non-waterfowl 




Data were collected from one section study areas located within 
the boundaries of Lonetree Wildlife Management Area (LTWMA) during late 
April to early August 1994-95. I conducted this project to evaluate 
waterfowl nest success in two planted grassland habitat types on LTWMA. 
Baseline information were collected primarily in regards to waterfowl 
nest success and ecology, impacts of waterfowl nest predators, and 
vegetative descriptions of cover plantings. Secondary information was 
also collected on other upland nesting avian species. The main 
objectives are listed as follows:
1) To compare waterfowl nest success in native grass 
plantings (NP's) and dense nesting cover (DNC) on Lonetree 
Wildlife Management Area;
2) To determine the effects of predation on waterfowl nest 
success on Lonetree wildlife Management Area;
3) To provide data which can be incorporated into present 
habitat suitability index (HSI) models for effective 
management of Lonetree Wildlife Management Area.
STUDY AREAS
LTWMA is geographically located within Sheridan and Wells counties 
of central North Dakota (Fig. 1). LTWMA was created as a mitigation 
project from activities of the Garrison Diversion Project Unit in 1986. 
LTWMA is comprised of approximately 33,000 acres and runs along Sheyenne 
and Coal Mine Lakes which are headwaters to the Sheyenne River. LTWMA 
has an approximate maximum length of 25 miles with maximum widths of 3-4
miles.
North Dakota
Figure 1. Location of Lonetree WMA within the counties of North 
Dakota.
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Geologically, LTWMA is located just north of the Missouri 
Escarpment and occurs on soils of the glaciated plains of North Dakota 
(Bluemle 1977, 1981), often referred to as the Drift Plain (Stewart and 
Kantrud 1974). Specifically, LTWMA is found on the most southeastern 
edge of the Northwestern Drift Plain subregion of the Drift Plain 
contained in the Prairie Pothole Region (Stewart and Kantrud 1974). The 
Missouri Coteau lies just off of the southern edge of LTWMA. The 
escarpment of the Missouri Coteau, which runs in a northwest to 
southeasterly direction, separates the Drift Plain from the Missouri 
Coteau.
The topography of LTWMA is flat to moderately rolling with poorly 
developed drainage. The soils are composed of till from ground moraine, 
outwash sediment, and river alluvium (Bluemle 1977). Relief may be less 
than five feet in many areas, but may be greater than 150 feet near the 
Sheyenne River trench (Bluemle 1981).
The climate of LTWMA is continental and can have wide temperature 
variation. Temperatures recorded at McClusky, N.D. within Sheridan 
County from the period of 1951 to 1987 ranged from -39°C (-38°F) on 29 
January 1951 to 42°c (107°F) on 11 July 1973 (U.s. Dep. Agric., Soil 
Conserv. Serv. 1994). Estimated normal annual precipitation for 
Division 05 of North Dakota containing LTWMA was 42-45 cm (17-18 in) 
with a normal annual temperature of 4°C (40°F) for the period from 
1961-90 (U.S. Dep. Commer. 1992-95, U.S. Dep. Agric., Soil Conserv.
Serv. 1994). Mean monthly precipitation and temperatures are reported 
for the period of March to July of 1994-95, with annual precipitation 
and temperatures from 1992-95 weather stations in the general vicinity 
of LTWMA (Appendix A).
METHODS
Study Area Criteria
Annually, I attempted to obtain data from at least 10 study areas 
containing native grass plantings (NP's) and 10 study areas containing 
plantings of dense nesting cover (DNC). NP's were composed primarily of 
native ecotypes of green needlegrass (Stipa viridula), western 
wheatgrass (Aqropyron smithii), side-oats grama (Bouteloua 
curtipendula), and mixtures of these species. DNC plantings were 
primarily composed of mixtures of tall wheatgrass, intermediate 
wheatgrass, alfalfa, and sweetclover. Pools of candidate study areas 
were established for NP and DNC from all legal sections of LTWMA. Each 
year criteria for candidate study areas were as follows: (1) each 
should contain at least 64.75 ha (160 acres) of NP or DNC planted cover, 
which can be nest searched to allow for an adequate duck nest sample;
(2) no manipulations should be conducted within the nest searched fields 
of the study area for the evaluation period (i.e., herbicide or 
pesticide application, prescribed burning, or mowing) to avoid 
influencing nest search densities and species composition; (3) no 
predator removal shall be conducted to avoid influencing predation rates 
by affecting predator abundance.
During selection of candidate study areas for 1994, I decided that 
only candidate sites contained within the boundaries of N.D. Hwy. 14 and 
N.D. Hwy. 3 would be included and this would be re-evaluated prior to 
the 1995 field season. Initially, I made the above determination to 
eliminate any bias(es) which may be associated with certain influences: 
(1) release of wild strain mallards onto areas of LTWMA from a previous 
research project which could potentially bias nest density, nest
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success, and species composition of nests, and (2) I believed that areas 
west of N.D. Hwy. 14 may have been extensively occupied by coyotes, 
which could have biased nest success upward in comparison to areas 
exclusively occupied by red foxes (Sovada et al. 1995). As a result, a 
bias of this kind could confound any possible cover differences.
In 1995 restrictions imposed for the 1994 candidate study areas 
were dropped and candidate study areas were inclusive of all LTWMA 
sections for two reasons: (1) no marked mallards were seen by my 
personnel in 1994 and few were found by other researchers on LTWMA (T. 
Messmer, Utah State Univ., pers. comm.), and (2) coyotes were found 
throughout the areas included for 1994 and I wished a larger candidate 
pool to reduce chance of pseudoreplication and increase randomness of 
our samples; in doing so, I believed that little variability would be 
added to the already highly variable samples.
Study Area Selection
Study areas were randomly selected with restrictions (Hurlbert 
1984) by planted cover type from their respective candidate pools for 
each year. A search list was then prepared as to the priority of which 
study areas would be nest searched for each cover type. Study areas 
remained on the lists until it was determined that one of the criteria 
was violated.
An efficiency order based upon spatial proximity and selection 
priority was completed in 1994 to facilitate efficiency, maximize our 
sample, and reduce influence of human disturbance. I estimated the 
minimum number of study areas which could be nest searched in a two-week 
period assuming possible delays due to weather, equipment malfunction, 
or illness. The minimum number of study areas estimated was 16 (i.e., 8 
NP and 8 DNC). within the priority list of study areas I organized the 
first 16 study areas based upon their location to one another and by the 
order which they appeared on the priority list. Nest searches were
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conducted from this efficiency order, then followed by the next 
appropriate NP and DNC study areas according to priority. X tried to 
keep approximately equal numbers of monitored NP and DNC study areas 
throughout the project.
In 1995 the efficiency order was abandoned, due to the 
unpredictability of failing nest search jeeps and weather, after nest 
dragging only two study areas. Thereafter, to maintain randomness, I 
strictly followed the priority list in the event that we would not be 
able to reach our minimum 16 study area sample.
Duck Nest Searches
Sub-sampling of eligible cover was utilized since study areas 
often contained greater than 64.75 ha of the appropriate cover types, 
and I wished to adequately evaluate as many samples as possible under 
the guidelines of our two year project. Nest search transects 105 m 
(340 ft) wide were drafted onto photocopies of geographic information 
systems (GIS) maps. Transects were equal to twice the width of a 
properly intervalled chain drag (2 widths @ 52.5 m = 105 m). Area was 
then calculated from figures obtained from GIS calculations (U.s. Bur. 
Reclamation, Unpubl. Data) and polar planimeter estimates. The 
transects were placed on the maps taking into account natural features 
and longest straight lines to make ease of identifying and nest 
searching selected transects while in the field. Transects were set 
perpendicular to shelterbelts and tree plantings, where possible, to 
minimize any site bias(es) when compared to cover entirely without such 
interruptions. Random selection of all available transects was 
conducted until approximately 64.75 ha of the appropriate cover type 
were selected. Nest search maps were used to establish where on the 
study areas that nest searching would be conducted. If acreage on a 
study area was lost due to wet conditions or cover errors, the next
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appropriate random transect selection was then substituted for the lost 
acreage.
Duck nest searching was conducted on all study areas (Appendix 
BsTable 5, Appendix C) during three pre-determined systematic search 
intervals in early May through early July. Three two-week search 
intervals were established in (1) early to mid-May, (2) late-May to 
early-June, and (3) late-June to early-July (Appendix BsTable 6). All 
cover from selected transects of each study area were entirely searched 
each interval (Appendix C). Searches were conducted during daylight 
hours from approximately 0700 to 1600 hr. Nest searching on each 
individual study area was initiated between the designated time-frame 
and was completed within this time-frame as time would allow. A study 
area could be started one day and finished either that day or the 
following day(s) dependent upon available time within the search 
interval, weather, or other circumstances.
A three person crew (i.e., two drivers and one spotter) conducted 
nest searching activities using 4 wheel-drive jeeps and a 61 m (200 ft) 
long 9.5 mm (3/8") high test chain. The chain was dragged through the 
planted cover until a duck hen or targeted non-duck species was flushed 
from a nest (Higgins et al. 1977). Upon finding an occupied nest I 
recorded all information requested on a Northern Prairie Science Center 
nest card (Natl. Biol. serv. 1993) following Klett et al. (1986). 
Incubation of duck eggs was determined by candling (Weller 1956), while 
non-duck egg incubation stages were determined by flotation techniques 
(Westerkov 1950). Additional measurements taken at the nest site 
included: the shortest line distance from the nest to the nearest jeep
trail, initial nest site visual obstruction readings (i.e., Robel's VOR) 
(Robel et al. 1970) with maximum vegetative height, and time elapsed 
while at the nest site with number of trails leading within 
approximately 10 m of the nest (i.e., an estimate of site disturbance).
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Nests were marked with a fluorescent orange flagged willow stake 
placed 4 m from the nest to aid in relocation. Nest site locations were 
then marked on a photocopy of an aerial photo. Nests were visited at 
approximately 7-14 day intervals until the nests were either abandoned, 
depredated (> 1 destroyed egg without a tending hen), or hatched (> 1 
successful egg). Nests which were abandoned due to investigator 
influence or damaged due to investigator activities were omitted when 
evaluating nest success.
Characteristics of nest depredations were recorded using Northern 
Prairie Science Center (Natl. Biol. Serv. 1994) nest depredation forms. 
Information was collected on nest depredation characteristics found <3 m 
from each depredated nest. The data collected would then be used to aid 




Observation surveys (Sargeant et al. 1993) were used to evaluate 
presence of predator species. In conjunction, as a supplement, 
incidental track observations and systematic trapping surveys were 
conducted to detect presence of species not likely to be detected by 
observation alone. Chi-square analyses (i.e., 2x2 contingency tables) 
were used to determine if differences existed by cover or year for the 
above mentioned techniques.
Due to cover height differences and possible cover biases I 
recorded observations of all waterfowl predator species on entire 
sections (i.e., not just nest searched transects and fields under 
evaluation, but all covers on the section) from late-april to 
early-August 1994-95. All persons working on the sections under 
evaluation were asked to fill out predator observation cards for all 
daylight time > 0.5 hr spent each day on a study area. The number of
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places (approximately 0.4 ha areas) where > 1 individual of each 
predator species was sighted on study areas under evaluation were 
recorded. Observation rates were interpreted as the number of places 
observed per observation hour.
Locations of mammalian predator sightings were recorded on a LTWMA 
map with number of individuals of a species, age (adult or juvenile), 
and date of sighting. I recorded active avian predator stick nests and 
mammalian predator dens found on LTWMA throughout the study period in 
1994-95.
Incidental Tracks
Incidental track detection was used to aid in determination of 
presence of predators on study areas not detected by observation. 
Non-detection can occur due to nocturnal predator activity patterns, 
investigator avoidance, low abundance of particular predator species, or 
merely by chance. Locations of tracks of identifiable predator species 
were recorded on GIS photocopies of study areas.
Systematic Livetrapping
Systematic livetrapping was initially deemed unnecessary under 
original project guidelines. However, due to perceived presence of 
Franklin's ground squirrels (Spermophilus franklinii) and/or long-tailed 
weasels (Mustela frenata) on 1994 study areas, I included systematic 
livetrapping as an added detection mechanism for these predator species. 
Duck nests which were being partially destroyed (i.e., "disappearing" 
eggs) with continued hen attendance indicated potential presence of one 
or both of these nest predators (Greenwood 1986). Franklin's ground 
squirrels usually do not kill nesting duck hens, but often depredate 
eggs within a nest over a period of days; therefore, they are referred 
to as "clutch reducers" (Johnson et al. 1989).
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Systematic livetrapping was conducted from 7-26 July 1994 and 9-20 
July 1995 on LTWMA study areas. A minimal effort of livetrapping was 
conducted after all nest dragging had been completed to minimize any 
bias(es) that activities may have had on nest success. Livetraps were 
placed at densities of 7 traps/study area of nest searched cover for 2 
days (approximately 24-hour intervals) for a total of 14 trap-days.
To effectively cover fields, livetraps were spaced out across nest 
searched transects at these prioritized locations: (1) terminated 
"disappearing" egg (Greenwood 1986) or partially destroyed nests sites, 
and (2) most suitable cover (i.e., dense cover or cover adjacent to 
brush patches, rockpiles, or shelterbelts that may hold target species). 
The number of traps and trap-days used were determined by affording 
detection of one Franklin's ground squirrel under average densities from 
Greenwood (1986) (i.e., 1 capture in 14 total trap-days = 0.071 capture 
rate).
I used 2-4 bacon-grease soaked cottonballs with cooked bacon 
pieces and a single, raw, whole, white chicken-egg as bait since finding 
a source for canned sardines was difficult. Canned sardines have been 
extensively used as bait for livetrapping of Franklin's ground 
squirrels, weasels, and other nest predators (Greenwood 1986, Sargeant 
et al. 1993, Sovada 1993, Sovada et al. 1995, Pietruszewski 1996).
Bacon and eggs has several advantages over canned sardines: (1) low 
cost, (2) compact and easy use, (3) chicken eggs mimic waterfowl eggs 
and can be re-used when uneaten, and (4) similar capture effectiveness 
to sardines (Sovada and Roaldson, Unpubl. Data).
Canid occupancy Assignment
Determination of the major canid species on a study area was based 
on information founded on segregated spacial relationships and behaviors 
of sympatric coyotes (Canis latrans) and red foxes (Vulpes vulpes) 
(Sargeant et al. 1987, Harrison et al. 1989, Sovada et al. 1995).
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Tracks of red foxes are usually numerous and easily detected when foxes 
are present (Sargeant et al. 1993, Sovada et al. 1995). Infrequent 
detection of coyote tracks in coyote territories is not unusual, since 
their territories are often large; in addition, home range and daily 
distance traveled are reduced during a coyote's gestation and nursing 
periods (Andelt and Gipson 1979, Andelt 1985, Harrison and Gilbert 1985, 
Sovada et al. 1995).
By the end of each annual evaluation period I assigned the major 
canid species believed to occupy the territory of each study area. 
Assignment of major canid species was designated as either coyote, red 
fox, or mixed area (i.e., both coyote and red fox) to account for any 
differential nest success that may occur due to canid species occupancy 
(Sovada et al. 1995). Predator observation surveys, incidental tracks, 
and locations of den sites were used to make designations. In addition, 
after compilation of nest depredation forms, I compared estimates of 
proportions of all depredated large-clutch nests with known fox-type 
depredation to those of Sovada et al. (1995) to raise any questions 
about possibly mis-assigned study areas. A two-way, factorial analysis 
of variance (ANOVA) with main effects of canid, year, and canid-year 
interaction was used to test for least square mean (LSMean) (SAS Inst. 
Inc. 1992) differences in percent maximum likelihood of large-clutch 
nests with fox-type depredation on red fox, coyote, and mixed canid 
areas in 1994-95. Each study area had to contain > 10 depredated large 
clutch nests. I also checked for presence of believed coyote-type nest 
depredations as recorded on nest depredation forms (Natl. Biol. Serv. 
1993). Particularly, the nests found on study areas assigned to coyote 
should have had coyote-type depredation.
Due to project objectives and requisites, I did not conduct 
systematic track surveys on my study areas as conducted by sovada et al. 
(1995). However, I felt that my methods of determining major canid 
species, although limited, would be adequate if major differences
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existed. My simplified determination of major canid was scaled down 
from tracking surveys and techniques as used on prior research projects 
(Sovada et al. 1995; Greenwood and Sovada, Natl. Biol, serv., Unpubl. 
Data) where I had gained earlier experience.
Nest Success
The Mayfield method (Mayfield 1961) modified by Johnson (1979) was 
used to calculate daily survival rates (DSR's) of duck nests found on 
LTWMA study areas. Nest data of all species were combined since large 
samples of individual species were not found on all study areas of each 
cover type. I used least-square means analysis of variance (LSMeans 
ANOVA) weighted by exposure days in procedure general linear model (PROC 
GLM) (SAS Inst. Inc. 1992) to improve precision of DSR estimates and 
account for disparity in exposure day sample sizes. Variance of 
estimated DSR's is inversely proportional to the number of exposure days 
(Johnson 1979). Approximate 95% confidence intervals (95% Cl) were 
calculated following Johnson (1979) and actual 95% Cl were calculated 
when possible.
A three-way, factorial, randomized design was used in analysis of 
DSR's using PROC GLM LSMeans (SAS Inst. Inc. 1992) to test for 
differences in cover, year, canid, and all interactions. The design was 
randomized, except that canid classifications could not be individually 
randomized in regards to cover and year so I took whatever canid was 
present on each study area and evaluated accordingly. DSR's were 
converted after analysis to Mayfield nest success estimates by raising 
the DSR to the 34th power (Klett et al. 1986; North. Prairie Sci. Cent., 
Natl. Biol, serv., Unpubl. Data).
Species Composition & Nest Search Densities
A two-way, factorial multivariate analysis of variance (MANOVA) 
LSMeans (SAS Inst. Inc. 1992) was used to test for differences in nest
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search densities of species found by nest searching techniques, while 
ANOVA techniques were used to separate means. The full model contained 
main effects of cover, year and cover-year interaction. Nest search 
densities were tested for species which had > 20 nests per cover type 
including mallards (Anas platvrhvnchos). gadwalls (Anas strepera). 
northern pintails (Anas acuta), northern shovelers (Anas clypeata), 
blue-winged teal (Anas discors), and total nest search density (all 
species combined).
The number of nests found while nest searching is probably always 
less than the actual number of nests initiated because nests may be 
missed due to abandonment, predation, or human error (Mayfield 1961, 
Miller and Johnson 1978, Carlson et al. 1993). Recognizing the 
weaknesses associated with trying to derive density estimates, I 
included an accepted alternate method derived by Miller and Johnson 
(1978) to test for differences in total nest initiations. "The total 
number of nest initiations can therefore be estimated as the number of 
successful duck nests divided by Mayfield nest success," (Miller and 
Johnson 1978:474, Greenwood et al. 1995:21). True nesting density is at 
best theoretical and can only be estimated due to the above mentioned 
reasons, but results from modeling studies suggest biologists should be 
aware of the limitations in interpretation of both field data and 
simulations (Starfield and Bleloch 1986, Carlson et al. 1993).
Therefore, in addition to the search density analysis, I used a 
3-way, factorial ANOVA LSMeans to test for differences in estimated 
total nest initiations by main effects of cover, canid, year, and all 
interactions. Canid classes were added to this analysis because their 
addition somewhat increased the explanatory power of the analysis.
Nests used included all nests found of all nesting duck species. The 
method of Miller and Johnson (1978) should add support or skepticism 
towards any detected differences.
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Habitat Composition
I calculated habitat class composition (% Area) of the one section 
study areas on LTWMA for 1994-95 using GIS calculations (U.S. Bur. 
Reclamation, Unpubl. Data) and polar planimeter estimates. Habitat was 
categorized into 6 classes: (1) grassland, (2) hayland, (3) wetland, (4) 
cropland, (5) right-of-way, and (6) odd area (Cowardin et al. 1985).
GIS photocopies were used in the field along with nest searching maps, 
as documentation of high water levels, to reflect maximum wetland 
percentages during the study period. Field and habitat class 
designations were documented throughout the season, and were finalized 
by the end of each annual summer field season.
A two-way, factorial MANOVA LSMeans was used to test for 
differences in the 6 habitat classes for the full model of cover, year, 
and cover-year interaction, while ANOVA was used to separate means.
Vegetative Measures
To obtain information on vegetative characteristics of NP and DNC 
plantings, I initiated vegetation surveys on fields of study areas under 
evaluation. Surveys were conducted during two survey periods: (1) 
post-nest search (i.e., vegetation production) evaluations for both 1994 
and 1995, and (2) pre-nest search (i.e., residual vegetation) 
evaluations for 1995.
I documented vegetative measures from surveys conducted on NP and 
DNC plantings' for 1994 and 1995 post-nest search evaluations. I used 
the Evans and Love (1957) step-point method as modified by Owensby 
(1973) to obtain comparable vegetative estimates sampled across many 
areas with a minimum time investment. One vegetative line transect was 
evaluated within nest searched transects on each study area, unless 
major visible differences existed within fields of a single study area. 
In such a case, additional vegetative line transect(s) were added for 
each visibly distinct planting.
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Vegetative line transects were randomly assigned along the longest 
straight line contained within the nest search transects (Appendix 
B:Tables 7 and 8, Map 1, Appendix C). It would be along this line that 
I hoped to incur the greatest variability in vegetation. I randomly 
picked the end of the line the survey start would be initiated. The 
start point was randomly picked from number of steps (1-25) from the end 
of the transect line. The compass heading (° MN = degrees from magnetic 
north) was taken from this line with the help of the section study area 
maps and magnetic declination estimates from United States Geological 
Survey (U.S.G.S.) 15' quadrangle maps.
Vegetation measurements were taken at fixed intervals on the 
vegetative line transect to develop a repeatable routine and to 
approximate previous research methodology (Evans and Love 1957, Owensby 
1973, Higgins and Barker 1982). A surveyed vegetative line transect 
extended for a total of approximately 305 m (1000 ft). One-hundred 
point estimates from a step-point jig (Owensby 1973) were taken at 
approximately 3 m (10 ft; every 4th pace) intervals to record as 
follows: (1) percent botanical species composition (number of plant
species hits/100 points), (2) site estimates of percent soil aspect 
(hydric, mesic, or xeric soils; total/100 points), and (3) rough 
estimates of percent total ground cover (point hit or miss; hits/100 
points).
Additionally, 10 estimates of percent total herbaceous cover were 
taken at approximately 30 m (100 ft.; every 40th pace) intervals on the 
vegetative line transect. Total herbaceous cover estimates were made 
within subdivisions on the step-point jig which approximated a square 
foot-frame subdivided into four 6" squares. The total percent estimate 
of all four 6" squares were added to fall within ten cover classes 
(numbered 1-10) as given by Owensby (1973). I followed Owensby (1973) 
where 10 total herbaceous cover estimates were incorporated into 100 
point sample designs.
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Visual obstruction readings (VOR's) and maximum height 
measurements were taken at 25 stations established at approximately 12 m 
(40 ft; every 16th pace) intervals modified from methods of Robel et al. 
(1970) and Higgins and Barker (1982). A total of 100 VOR and 25 maximum 
height measurements were taken for each vegetative transect to evaluate 
DNC and NP fields of approximately 64.75 ha (160 acres).
Pre-nest search evaluations were not conducted in 1994 due to 
delay in declared funding. I was delayed in getting study areas and 
fields picked, in addition to getting methodologies solidified. In 1995 
I was able to conduct pre-nest search surveys on all but two of the 
study areas. VOR and maximum height measurements were the only measures 
taken for pre-nest search surveys. Surveys were conducted on the same 
pre-determined vegetative line transects as post-nest search line 
transects.
A two-way, factorial MANOVA was used as the full model to test for 
differences in post-nest search mean VOR's and maximum height measures 
by cover, year, and cover-year interaction, while ANOVA was used to 
separate the means. The same analysis was used to test for differences 
in botanical species composition, soil aspect, and related estimates of 
total ground cover and total herbaceous cover.
For all analyses, I considered statistical tests to be significant 
at the 5% significance level (alpha = 0.05), thus reporting at the 95% 
probability level. The significance level established was strictly 
followed, unless otherwise indicated.
RESULTS
Overall, I evaluated 39 study areas for waterfowl nest success in 
the period of 1994-95. The individual study areas were located 
throughout sections located on LTWMA (Map 1, Appendix C). Some 
individual sections had study area numbers assigned for both NP and DNC 
plantings, in addition to some sections being evaluated in both 1994 and 
1995 (Appendix B:Table 5, Map 1, Appendix C). However, due to 
sub-sampling techniques the exact location of nest searched transects 
within individual sections likely differed (Appendix C). The use of the 
same study areas in successive years and sharing of the influence of 
individual predators and surrounding habitats resulted in potential loss 
of some statistical independence. Randomization and sub-sampling 
techniques were used to minimize the overlap between years and reduce 
the probability of unique site bias(es).
In 1994, I nest searched a total of 22 study areas. Eleven NP 
study areas were randomly selected from a pool of 12 candidate sites 
(initially 13; one NP field was determined to have been planted over DNC 
and was dropped), while 11 DNC study areas were selected from a pool of 
16 candidates. In 1995 a total of only 17 study areas were nest 
searched. Random selections of 9 out of 13 and 8 out of 9 candidates 
(initially 18) were nest searched from candidate pools of NP and DNC 
plantings, respectively in 1995. Nine candidates were dropped from the 
initial 1995 list of 18 DNC areas upon discovery that field conditions 
were too wet to facilitate nest searching; re-randomization of 
previously wet fields was to be conducted, permitting time and suitable 
field conditions. Wet field conditions, weather, and study areas being
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spread farther apart attributed to fewer fields being evaluated in 1995 
than in 1994.
I found 1013 nests in all, consisting of 896 on-area duck nests,
81 on-area non-duck nests, and 36 duck nests found outside of evaluation 
areas. All 896 duck nests found on evaluated study areas were used for 
search density estimates, however only 834 were used for evaluation of 
daily survival rates (DSR's) because of human disturbance or criteria 
which were not met for inclusion in analyses. Again, for all analyses 
critical values were pre-set at the 95% probability level (alpha=0.05) .
Nest Success
I was unable to detect any significant difference between DSR's of 
duck nests in NP and DNC plantings (F=0.16; 1,37 df; P=0.689) on 
Lonetree WMA in 1994-95. There was a significant difference between 
DSR's of plantings evaluated between 1994 and 1995 (F=13.57; 1,37 df; 
P=0.001). The average DSR was higher in 1994 (0.961, SE=0.005) than in 
1995 (0.933, SE=0.005). All other main effects and interactions were 
non-significant for the full model.
Mean Mayfield estimates of duck nest success (with 95% Cl) for 
1994 were 31% (16-62%) for NP and 21% (15-30%) for DNC. Yet, in 1995 
mean Mayfield estimates of duck nest success for 1995 were 9% (5-15%) 
for NP and 10% (6-18%) for DNC (Table 1, Fig. 2). Mean nest success was 
quite variable between NP and DNC study areas (Table 1).
Mayfield estimates of duck nest success for NP and DNC study areas 
combined in 1994 was 26% (17-38%), while 1995 was 9% (6-14%). Nest 
success estimates varied between the two years, yet variability was 
larger from all estimates taken in 1994 than in 1995 (Fig. 3).
Realizing that duck nest DSR's can differ between study areas 
occupied by coyotes and those occupied by red foxes (Sovada et al.
1995), I used a reduced model with all main effects and interactions 
with mixed-canid areas removed from the canid main effect to isolate
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Table 1. Total duck nests and exposure days for estimating daily
survival rates (DSR's), Mayfield nest success, annual totals, 
and apparent productivity for Lonetree WMA, 1994-95.
study Area Mayfield
Area Searched Usable Exposure Success
(Canid)a ha(acres)b Nestsc Daysd DSRe (95%CIf)
1994
NATIVE GRASS PLANTING (NP)
401 (C) 68.2(168.4) 5 ( 2 7) 110.5 0.97285 39 ( 13-114)
403 (F) 59.1(146.0) 9 ( 1 9) 123.5 0.93522 10 ( 2- 49)
407 (C) 65.1(160.8) 32(13 34) 455.0 0.95824 23 ( 12- 45)
409 (F) 64.6(159.9) 4 ( 2 4) 45.5 0.95604 22 ( 2-176)
411 (M) 61.9(152.9) 1( 1 2) 24.0 1 . 0 0 0 0 0 ootH 100-100)413 (F) 66.0(163.2) 8 ( 4 8) 154.5 0.97411 41 ( 17- 99)
415 (M) 64.9(160.3) 4 ( 2 4) 36.0 0.94444 14 ( 1-201)
417 (C) 65.2(161.2) 12 ( 6 12) 172.5 0.96522 30 ( 11- 79)
419 (M) 66.6(164.5) 6 ( 4 8) 103.5 0.98068 52 ( 20-130)
421g(F) 65.1(160.8) 0( 0 0) 0 . 0
423 (F) 65.2(161.1) 8 ( 5 8) 126.0 0.97619 44 ( 17-112)Totals 711.9(1,759.1) 89(40 96)
Apparent Productivity 0.056 hatches/ha (0.023 hatches/acre)
LSMean 31 ( 16- 62)
DENSE NESTING COVER (DNC)
402 (C) 64.6(159.7) 28(13;29) 353.0 0.95751 23 ( 11- 49)
404 (M) 63.3(156.4) 45( 6;48) 479.0 0.91858 6< 2- 14)
406 (F) 65.9(162.8) 51(29;57 ) 779.0 0.97176 38 ( 25- 57)
408 (F) 68.4(169.0) 11( 3;11) 141.5 0.94346 14 ( 3- 54)
410 (M) 67.6(167.0) 19( 7;19 ) 289.5 0.95855 24 ( 10- 54)
412 (C) 64.9(160.4) 29(17;29) 408.5 0.97062 36 ( 20- 65)
414 (M) 65.4(161.5) 26(11;26) 385.0 0.96104 26 ( 13- 52)
416 (M) 60.9(150.5) 22(10;23) 304.0 0.96053 25 ( 11- 56)
418 (M) 65.8(162.5) 37( 5;41) 313.5 0.89793 3 ( 1- 9)
420 (F) 65.0(160.5) 16( 5;16) 222.5 0.95056 18 ( 6- 50)
422 (C) 60.6(149.7) 20(11;24) 224.4 0.95989 25 ( 10- 62)
Totals 712.4(1,760. 0) 304(117;323)
Apparent Productivity 0. 164 hatches/ha (0.066 hatches/acre)
LSMean 21 ( 15- 30)
1995
NATIVE GRASS PLANTING (NP)
501 (M) 67.3(166.4) 20( 1;23) 172.8 0.89005 2 ( 0- 11)
503 (F) 67.1(165.7) 11( 2;13) 105.3 0.91453 5< 1- 34)
507 (C) 64.6(159.6) 44(12;46) 530.1 0.93963 12 ( 6- 25)
509 (C) 63.6(157.1) 5( 2; 5) 63.0 0.95238 19 ( 3-123)
513 (M) 64.9(160.4) 16( 2;19 ) 222.5 0.93708 IK 3- 35)
515 (F) 65.4(161.5) 5( 2; 6) 63.5 0.95276 19 ( 3-123)
523 (F) 65.6(162.1) 27( 8;28) 294.0 0.93537 10( 4- 29)







258.9 0.94206 13 ( 5- 37)






Area Searched Usable Exposure Success
(Canid)3 ha(acres)b Nestsc Daysd DSRe (95%CIf)
DENSE NESTING COVER (DNC)
502 (C) 64.9(160.4) 72(10;78) 649.5 0.90454 3 ( 1- 8)
506 <F) 64.9(160.3) 48(19;50) 600.5 0.95171 19 ( 10- 35)
520 (F) 67.0(165.5) 30(14;32 ) 458.3 0.96509 30 ( 16- 54)
524 (C) 65.2(161.1) 45(12;49 ) 512.0 0.93555 10 ( 5- 23)
532 (F) 66.8(165.0) 23( 9;25) 259.5 0.94605 15 ( 5- 41)
534 (F) 64.7(159.8) 13( 6;14) 261.0 0.97318 40 ( 20- 79)
536 (M) 65.4(161.7) 22( 5;25) 235.1 0.92769 8 ( 2- 26)
538 (F) 66.7(164.8) 33(18;33) 476.0 0.96849 34 ( 19- 59)
Totals 525.6(1,298.6) 286(93;306)
Apparent Productivity 0.177 hatches/ha (0.072 hatches/acre)
LSMean 10( 6- 18)
Overall (NP & DNC Combined) 1994 Totals 
1,424.3(3,519.1) 393(157;419)
Apparent Productivity 0.110 hatches/ba
OVERALL (NP & DNC Combined) 1994 LSMean
Overall (NP & DNC Combined) 1995 Totals 
1,115.7(2,756.7) 441(128;477)
Apparent Productivity 0.115 batches/ha





3 Major canid species found on study area denoted as: c=coyote, 
F=red fox, and M=mixed canid area with both coyote and red fox 
present.
b Area values converted from original unit of acres to hectares. 
Hectares = acres x (1 hectare/2.471 acres).
c The number of nests usable for calculation of Mayfield nest 
success; (number of successful usable nests; total number of 
nests found).
d An exposure day is the period of one day that a single duck nest 
is exposed to the possibility of a depredation event.
e Daily Survival Rate.
f 95% Confidence Interval computed by 95% CI=(DSR + 2.0 x SE)34.





Figure 2. LSMean duck nest success estimates (with 
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Figure 3. Overall LSMean duck nest success 
estimates (with 95% C.I.) in Dense Nesting Cover 
and Native Grass Plantings combined on Lonetree
WMA, 1994-95.
27
possible differences. I noted significant differences for DSR's by year 
(F=21.23; 1,26 df; P=0.0002), cover-canid interaction (F=5.66; 1,26 df; 
P=0.028), and cover-canid-year interaction (F=5.43; 1,26 df; P=0.031).
Even though I am aware of small sample sizes and as a result there 
exists a reduction in explanatory power, DSR's of 1995 DNC red fox study 
areas (0.961, SE=0.005, n=5) were higher than 1995 DNC coyote study 
areas (0.918, SE=0.006, n=2). Mayfield estimates for 1995 DNC red fox 
and coyote study areas were 25% and 5% (Fig. 4). The two 1995 DNC 
coyote study areas were some of our largest samples of exposure days 
taken in 1995.
With unsuccessful nests of both years combined, 92% of failed 
nests were due to predation, 6% to abandonment without evidence of 
predation, and 1% due to investigator damage. In 1994 abandonment rates 
in NP and DNC were 7% and 5%, whereas in 1995 NP and DNC abandonment 
rates were 8% and 6%, respectively.
Species composition & Nest Search Densities
A total of 96 duck nests were found on eleven 1994 NP study areas, 
while 171 nests were found on nine 1995 NP study areas (Appendix D:Table 
9). On eleven 1994 DNC study areas we found 323 duck nests, while a 
total of 306 nests were found on eight 1995 DNC study areas (Appendix 
D:Table 10). Overall species composition of the 896 nests of nesting 
duck species were: 33% mallard, 24% gadwall, 18% blue-winged teal, 15%
northern shoveler, 9% northern pintail, and 1% of other species (i.e., 
green-winged teal (Anas crecca), American wigeon (Anas americana), 
lesser scaup (Avthva affinis). and redhead (Avthya americana)} (Fig. 5).
In order of abundance, duck species composition determined by mean 
nest search densities of NP's were blue-winged teal (31%), northern 
shoveler (30%), mallard (15%), gadwall (15%), northern pintail (8%), 
American wigeon (<1%), and green-winged teal (<1%) (Fig. 6). Duck 











Figure 4. LSMean duck nest success estimates (with 95% 













Figure 5. Overall species composition { % ) of duck nests
found on Lonetree WMA, 1994-95.
Other
1%
Figure 6. Species composition (%) calculated by LSMean
nest search densities of duck nests found in Native Grass
Plantings on Lonetree WMA, 1994-95.
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plantings were mallard (39%), gadwall (28%), blue-winged teal (14%), 
northern pintail (10%), northern shoveler (8%), green-winged teal (<1%), 
lesser scaup (<1%), American wigeon (<1%), and redhead (<1%) (Fig. 7). 
Species differences were highly variable between individual study areas 
of NP (Appendix DiTable 9) and DNC plantings (Appendix DiTable 10) for 
each year of evaluation.
A two-way MANOVA was used to test for differences in duck nest 
search densities. Original data were transformed to stabilize variance 
and normality. Results for untransformed data were reported since 
results were similar for transformed (i.e., In, log10, square root, 
arcsin, and arcsin-square root) and untransformed data. Transformations 
did not increase explanatory power. Overall significant differences 
existed between cover types of NP and DNC (Wilk's lambda F=9.50; 9,27 
df; P=0.0001), years of 1994 and 1995 (Wilk's lambda F=4.26; 9,27 df; 
P=0.002), and cover-year interaction (F=3.32; 9,27 df; P=0.008).
Waterfowl nest search densities were significantly higher in DNC 
plantings than NP's for mallard (F=34.22; 1,38 df; P=0.0001), gadwall 
(F=29.97; 1,38 df; P=0.0001), northern pintail (F=10.94; 1,38 df; 
P=0.002), and for all species combined (F=19.05; 1,38 df; P=0.0001). 
LSMean nest search densities (nests/ha) were higher on DNC for mallard 
(0.202, SE=0.021), gadwall (0.146, SE=0.015), northern pintail (0.051, 
SE=0.007), and all species combined (0.519, SE=0.051) when compared to 
mallard (0.031, SE=0.020), gadwall (0.031, SE=0.015), northern pintail 
(0.017, SE=0.007), and all species combined (0.213, SE=0.049) on NP's 
(Fig. 8).
Significant differences by year were found to exist for 1994 and 
1995 for nest search densities of blue-winged teal (F=17.81; 1,38 df;
P=0.0002) and for all species combined (F=4.11; 1,38 df; P=0.050). Near 
significance existed between 1994 and 1995 nest search densities of 
gadwall (F=3.89; 1,38 df; P=0.057). Mean nest search densities for 





Figure 7. Species composition (%) calculated by LSMean
nest search densities of duck nests found in Dense Nesting
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Figure 8. LSMean nest search densities (with 95% C.I.) of
duck species by cover on Lonetree WMA, 1994-95.
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0.112 (SE=0.015) and 0.437 (SE=0.053) nests/ha, as compared to 1994 at 
0.027 (SE=0.013) and 0.295 (SE=0.046) nests/ha, respectively. Gadwall 
nest search densities were nearly significant for year at 0.109 
(SE=0.016) nests/ha in 1995 and 0.068 (SE=0.014) nests/ha in 1994 (Fig.
9).
Overall significance was detected for differences in total nest 
initiations for the full model of cover, canid, year, and all 
interactions (F=3.46; 11,37 df; P=0.005). A significant difference was 
detected by cover (F=5.64, 1,37 df; P=0.025) with DNC and NP having mean 
total nest initiation densities of 1.387 (SE=0.206) and 0.522 (SE=0.285) 
nest initiations per hectare, respectively. Near significance was noted 
for year (F=3.31; 1,37 df; P=0.080), cover-canid-year interaction 
(F=2.74; 2,37 df; P=0.084), and canid (F=2.60; 2,37 df; P=0.094).
Nests of non-duck nests species which were large enough to be 
detected by jeep nest search techniques were also recorded for all 1994 
and 1995 NP and DNC study areas. Species recorded in order of abundance 
for NP included sharp-tailed grouse (Tympanuchus phasianellus), upland 
sandpiper (Bartramia lonqicauda), marbled godwit (Limosa fedoa), willet 
(Catoptrophorus semipalmatus), Wilson's phalarope (Phalaropus tricolor), 
and short-eared owl (Asio flammeus) (Appendix D:Table 11). On DNC study 
areas, in order of abundance, I was able to locate non-duck nests of 
northern harrier (Circus cyaneus), short-eared owl (all in 1994), 
sharp-tailed grouse (all in 1995), American bittern (Botaurus 
lentiqinosus). upland sandpiper, ring-necked pheasant (Phasianus 
colchicus), and wild turkey (Meleagris qallopavo) (Appendix D:Table 12).
Using Chi-square contingency tables, I determined that detection 
of northern harrier nests (X2=15.401, 1 df, P<0.001) was contingent upon 
cover type, and nests were found more often in DNC. Though 
non-significant, values for contingency based upon cover types were 
















Figure 9. LSMean nest search densities (with 95% C.I.) of 
duck species by year on Lonetree WMA, 1994-95.
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P>0.05) and American bitterns (X2=1.559, 1 df, P>0.10) in favor of DNC 
fields. Similarly, even though statistically non-significant, 
sharp-tailed grouse nests (X2=3.708, 1 df, P>0.05) were found more often 
in NP fields than DNC fields.
Detection of short-eared owl (X2=8.145, 1 df, P<0.005) and 
sharp-tailed grouse nests (X2=6.895, 1 df, P<0.01) upon individual study 
areas was contingent upon year. Short-eared owl nests were solely 
detected in 1994, while sharp-tailed grouse nests were detected more 
often in 1995. Northern harrier nests (X2=1.466, 1 df, P>0.10) were 
mostly found in 1994 (Appendix D:Tables 11 and 12), but values for 
contingency by year were non-significant.
Predator Composition
Red fox, striped skunk (Mephitis mephitis), badger (Taxidea 
taxus). raccoon (Procyon lotor), coyote, long-tailed weasel and 
Franklin's ground squirrel were common mammalian predators found on 
study areas, while mink (Mustela vison) were also present but 
infrequently detected. Avian predators commonly detected were northern 
harrier, red-tailed hawk (Buteo iamaicensis), Swainson's hawk (Buteo 
swansoni), large gull {i.e., California (Larus californicus) and/or 
ring-billed (Larus delwarensis) gulls}, great-horned owl (Bubo 
virqinianus), and American crow (Corvus brachvrhvnchos). A much less 
commonly detected avian predator, but still present was the black-billed 
magpie (Pica pica}. Domestic dogs (Canis familiaris) were detected on 4 
sections under evaluation in 1994-95 and could not be ruled out in 
depredation of 2 nesting hens.
Detection of predator species varied by individual study areas and 
years (Appendix E). Individually, both coyote and large gull presence 
was detected more often on 1995 study areas at 76%, compared to 41% of 
1994 study areas (x2=3.592, 1 df, P>0.05) (Appendix E:Table 15). 
Detection of long-tailed weasel dropped from 45% of 1994 study areas to
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29% of 1995 study areas (x2=0.457, 1 df, P>0.25) (Appendix E:Table 15), 
as further supported by a drop in observation rate from 1994 to 1995 on 
evaluated study areas (x2=2.527, 1 df, P>0.10) (Appendix E:Tables 
16-18). Red fox showed a drop in observed detection from 1994 to 1995 
on study areas under evaluation (x2=2.080, 1 df, P>0.10), likely a 
result of the increased presence of coyotes on 1995 study areas and/or 
to presence of sarcoptic mange (Appendix E:Table 18). Comparisons of 
1994 cover types showed long-tailed weasel detection rates of 27% on NP 
and 64% on DNC study areas (x2=1.650, 1 df, P>0.10) (Appendix E:Table 
13). No statistically significant differences were noted for detection 
or observation rates of predator species known to be present on LTWMA.
Additionally, using evaluation techniques of nest depredation 
characteristics developed by Northern Prairie science Center, National 
Biological Service (1994) and sargeant et al. (Unpubl. Data). Maximum 
likelihood percentages of badger-type, red fox-type, striped skunk-type, 
and raccoon-type depredations on large-clutch nests (> 6 eggs) visited 
at an interval of < 21 days were calculated (83% or 390 of the 469 
usable nests were < 14 days). Maximum likelihood percentages for 
predator-type depredation characteristics by cover were as follows: 
badger 41%, red fox 25%, striped skunk 18%, and raccoon 13% for NP, 
while on DNC were badger 47%, red fox 22%, striped skunk 11%, and 
raccoon 9% (Table 2). Detection of predator-type depredations were 
near-significant or non-significant for contingency by cover for striped 
skunk (X2=3.216, 1 df, P>0.05), badger (X2=0.902, 1 df, P>0.25), and 
raccoon (X2=0.881, 1 df, P>0.25). Yearly maximum likelihood percentages 
of depredation characteristics in 1994 were badger 43%, red fox 20%, 
striped skunk 13%, and raccoon 10%, while 1995 values were badger 46%, 
red fox 25%, striped skunk 13%, and raccoon 10% (Table 2). Detection of 
fox-type depredations were non-significant for contingency by year 
(X2=0.954, 1 df, P>0.25). All other species were non-significant by 
cover and year.
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Table 2. Maximum likelihood percentages by cover and year of 
badger-type, red fox-type, striped skunk-type, and 
raccoon-type depredations on large clutch nests (> 6 eggs) 
visited at < 21 day intervals on Lonetree WMA, 1994-95.
Predator-Type Depredations (Sargeant et al. Unpubl. Data)








































The proportion of all depredated large-clutch nests that had 
fox-type depredation characteristics was statistically significant for 
the overall ANOVA full model (F=4.59; 5,19 df, P=0.011) with major canid 
(F=10.02; 2,29 df; P=0.002) occupancy being the determinant, similar to 
Sovada et al. (1995) and Pietruszewski (1996). The LSMean percent of 
all depredated large clutch nests that had red fox-type depredations 
decreased by major canid occupancy of red fox, mixed canid, and coyote 
occupied study areas. In descending order by major canid occupancy, 
proportions of fox-type depredations of large-clutch nests were 
calculated for red fox 43% (SE=6%; n=6), mixed canid 25% (SE=5%; n=7), 
and coyote 7% (SE=5%; n=7) occupied study areas, respectively (Fig. 10).
Habitat Composition
No significant differences in habitat composition (% area) were 
detected between covers of NP and DNC study areas (Wilk's lambda F=1.23; 
6,30 df; P=0.320), years of 1994 and 1995 (Wilk's lambda F=1.87; 6,30 
df; P=0.118), or by cover-year interaction (Wilk's lambda F=0.35; 6,30 
df; P=0.907) (Appendix FrTables 21 and 22). The mean habitat 
composition values for NP and DNC study areas, respectively, were 76 and 
66% grassland, 0 and 1% hayland, 12 and 19% wetland, 4 and 5% cropland, 
both 1% right-of-way, and 7 and 8% odd area (Fig. 11). Similarly, mean 
habitat composition for 1994 and 1995 were 75 and 67% grassland, 0 and 
1% hayland, 12 and 19% wetland, 4 and 5% cropland, both 1% right-of-way, 
and both 7% odd area (Fig. 12).
Soils are often grouped into Land Capability Classifications 
showing generalized suitability of soils for agricultural use. Classes 
range from I-VIII and indicate progressively greater limitations and 
narrower choices for practical use as the Roman numerals increase. 
Classes of soils found on evaluated study areas on LTWMA included 
classes II-IV, VI, and VII with subclasses of c, e, s, and w (U.S. Dep. 









Figure 10. Proportion of red fox-type depredations (with 
95% C.I.) on study areas with >10 depredated large-clutch 
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Figure 11. LSMean habitat class percentages (with 95% 
C.I.) by cover on Lonetree WMA, 1994-95.
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Figure 12. LSMean habitat class percentages (with 95% 
C.I.) by year on Lonetree WMA, 1994-95.
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found on LTWMA study areas which ranged from moderate to severe 
limitations due to climate, risk of erosion, shallowness, drought, 
stoniness, or wetness.
Vegetative Measures
Overall vegetative measures of post-search VOR's and maximum 
height measurements by MANOVA showed significant differences by cover 
(Wilk's lambda F=32.40; 2,34 df; P=0.0001), year (Wilk's lambda F=10.40;
2.34 df; P=0.0003), and cover-year interaction (Wilk's lambda F=6.15;
2.34 df; P=0.005). LSMean values for VOR's (F=12.02; 1,38 df; P=0.001) 
and maximum height measures (F=6.20; 1,38 df; P=0.018) for study areas 
by cover-year, respectively, were 1994 NP (2.0 dm, SE=0.4; 8.1 dm,
SE=0.9), 1994 DNC (6.4 dm, SE=0.4; 12.9 dm, SE=0.9), 1995 NP (1.6 dm, 
SE=0.4; 8.5 dm, SE=1.0), and 1995 DNC (3.3 dm, SE=0.4; 8.7 dm, SE=1.0) 
(Fig. 13, Appendix F:Tables 23 and 24).
Overall cover differences (Wilk's lambda F=24.35; 3,48 df; 
P=0.0001) were noted between NP and DNC when broken down into major 
botanical species composition groups of the families Fabaceae, Poaceae, 
and Other (i.e., all remaining families combined). Significant family 
group differences were noted by cover for Fabaceae (F=74.84; 1,53 df; 
P=0.0001) and Poaceae (F=70.86; 1,53 df; P=0.0001). LSMean values for 
botanical species composition for DNC and NP, respectively were 57 and 
0% (both SE=5%) Fabaceae, 38 and 95% (both SE=5%) Poaceae, and both 5% 
(both SE=2%) Other (Table 3, Appendix F:Tables 26-29).
Overall soil aspect differences (Wilk's lambda F=5.52; 2,49 df; 
P=0.007) existed by cover for hydric, mesic, and xeric type soils.
Mesic (F=5.19; 1,53 df; P=0.027) and xeric (F=10.59; 1,53 df; P=0.002) 
soil aspects were significantly different by cover. LSMean soil aspect 
values for DNC and NP were 9 and 5% (both SE=2%) hydric, 87 and 72%
(SE=4%; SE=5%) mesic, and 4 and 22% (both SE=4%) xeric, respectively 

















Figure 13. Post-search LSMean Visual Obstruction Reading 
(VOR) (dm) and maximum height (dm) measures by cover-year
on Lonetree WMA, 1994-95.
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Table 3. LSMean vegetative cover values by cover-type for major groups 
of botanical species composition, soil aspect, total ground 
cover, and total herbaceous cover of vegetative line transects 
on Lonetree WMA, 1994-95.
LSMEAN VEGETATIVE COVER VALUES
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9% (SE=2%) 87% (SE=4%) 4% (SE=4%)
NP
(n=25)
5% (SE=2%) 72% (SE=5%) 22% (SE=4%)
LSMean Percent Total Ground Cover (TGC) and Total Herbaceous Cover (THC)
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(n = 2 9 )
97% (S E = 1 % ) 71%
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(n = 2 5 )
91% (S E = 1 % ) 43%
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Overall total ground cover and total herbaceous cover were found 
to differ by cover-type (Wilk's lambda F=20.33; 2,49 df; P=0.0001) and 
year (Wilk's lambda F=3.32; 2,49 df; P=0.044). Total ground cover 
(F=16.39; 1,53 df; P=0.0002) and total herbaceous cover (F=39.76; 1,53 
df; P=0.0001) showed significant differences by cover-type. LSMean 
values of DNC and NP were 97 and 91% (both SE=1%) for total ground cover 
and 71 and 43% (both SE=3%) for total herbaceous cover, respectively. 
LSMean significant differences were detected by year for total ground 
cover (F=5.15; 1,53 df; P=0.028). LSMeans of total ground cover were 
95% in 1994 and 92% in 1995 (both SE=1%) (Appendix F:Tables 26-29).
DISCUSSION
I was unable to detect a significant difference in nest success of 
upland nesting duck species on study areas with planted cover types of 
DNC and NP. However, this does not preclude the possibility that nest 
success differences could still exist by individual species or by all 
species combined. The power of my statistical test would only allow me 
to detect an approximate real difference of > 15% Mayfield nest success. 
The lack of detection and limited power was due to high variability of 
nest success among my samples, the sample size of study areas obtained 
during the short duration of the study, and the relatively small sample 
sizes of nests of individual and combined waterfowl species. If nest 
success differed on LTWMA among the cover types, it was likely < 15% 
Mayfield nest success.
I detected significantly higher mean nest search densities of 
mallards, gadwalls, northern pintails, and overall duck species combined 
on study areas of DNC than on NP. Nest search densities were highly 
variable, and a study area having cover of DNC did not insure that nest 
search densities were high or that cover of NP had low nest search 
densities. Differences in nest search densities can vary because of 
differences in nest success (Miller and Johnson 1978), availability of 
suitable wetland classes and conditions (Stewart and Kantrud 1974, 
Duebbert and Lokemoen 1980, Sousa 1985), and impacts from abundance and 
utilization by predators (Sovada 1993).
Nest search densities of mallards, gadwalls, and northern pintails 
were higher on average in DNC than in NP, suggesting increased habitat 
use by these species in DNC than in NP. Likely, differences were the 
result of DNC stands having taller and more dense vegetation than NP,
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since means were higher for VOR's, maximum height measures, percent 
botanical species composition of Fabaceae, total ground cover, and total 
herbaceous cover estimates. Similarly, support may be drawn from 
findings of Kirsch et al. (1978) that showed a relationship between the 
mean height-density of residual grassland vegetation and duck nest 
density. DNC plantings in our study had the benefits of forb components 
of mostly alfalfa and sweetclover. DNC stands grew rapidly once warm 
spring conditions facilitated green-up and plant growth had been 
initiated.
Many studies have emphasized the benefits of tall, dense cover for 
upland nesting species of mallards, gadwalls, and northern pintails 
(Duebbert and Lokemoen 1980, Livezey 1981, Cowardin et al. 1985,
Duebbert et al. 1986, Higgins et al. 1992, Greenwood et al 1995. Kruse 
and Bowen 1996). Duebbert and Lokemoen (1980) in north-central South 
Dakota Cropland Adjustment Program (CAP) fields found that 98% of 
mallard and gadwall nests were found in cover that was > 30 cm in 
height. Cowardin et al. (1985) showed that mallards had high use in 
vegetative life forms of woody plants {i.e., western snowberry 
(Symphoricarpos occidentalis), hawthorn (Crataegus spp.), Wood's rose 
(Rosa woodsii), and shelterbelts} 36.6%, grasses and Carex 27.5%, and 
growing forbs 15.5% from 1977-1980 in central North Dakota. In central 
North Dakota on grazed mixed-grass prairie, Duebbert et al. (1986) found 
that mallards and gadwalls showed a strong preference for nesting in 
western snowberry and Wood's rose associations that made up only 2% of 
the available cover, but contained 42% (n=21) of the total mallard nests 
(n=50) and 35% (n=22) of the total gadwall nests (n=62). Higgins et al. 
(1992) reported that of 1,702 duck nests found in native prairie, 67% 
were located in grasses, 22% in brush, 9% in forbs, and 2% in marshy 
vegetation; wolfberry (Symphoricarpos occidentalis) was the dominant 
species at 50% of the American wigeon nests, 47% of the gadwall nests, 
41% of the green-winged teal nests, 36% of the mallard nests, and 21% of
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the northern pintail nests. Greenwood et al. (1995) found that 
mallards, gadwalls, and northern pintails all preferred brush as nesting 
habitat in the Prairie Pothole Region of Canada.
Minimum cover values of nest concealment have been suggested to be 
approximately 2.0 dm (8 in) by Duebbert et al. (1981) and 2.5 dm by 
Sousa (1985). Likely, benefits of nest concealment by cover height and 
density are not infinitely additive, but are constrained by growing 
season and cover form. Presumably, benefits are additive up to a 
certain level of cover height and density, and any added benefits beyond 
this are negligible (Sousa 1985; R. D. McCabe, U.S. Bur. Reclamation, 
pers. comm.). According to these suggestions, both DNC and NP in my 
evaluation sufficiently met the minimum cover values of nesting hens in 
regards to nest concealment.
Furthermore after examining 38 waterfowl studies, Clark and Nudds 
(1991) suggested that importance of nest concealment is dependent upon 
the species composition of the predator community present; nest 
concealment is more important when avian predation is prevalent, as 
compared to just mammalian or combinations of avian and mammalian 
predation. Even though I was looking at cover types with markedly 
different VOR and maximum height measures, X was unable to find any 
significant nest success differences. My findings seemed to support 
Clark and Nudds (1991) hypothesis, since I had areas with mixed predator 
communities (i.e., mostly mammalian); also, differences may have been 
less than what I was able to detect.
However, individual species differences in nest site selection may 
be responsible for hens selecting parts of my fields that were 
uncommonly higher or lower than overall mean vegetative cover values.
In addition, nests with poor concealment may be depredated before they 
can ever be found (Mayfield 1961, Miller and Johnson 1978, Johnson 1979, 
Klett and Johnson 1982). interpretation of nest concealment data should
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be evaluated for differences that may exist by individual species and by 
year for cover types with annual variation.
I found a significant difference by year for duck nest success on 
LTWMA from 1994 to 1995. A severe drop in nest success occurred from 
1994 to 1995 with Mayfield nest success recorded as 26% and 9%, 
respectively. Major differences existed between study areas by 
cover-year for post-search VOR's and maximum height measures; both were 
similar for 1994 and 1995 NP; 1994 DNC had considerably higher VOR's and 
maximum height measures than 1995 DNC. Kirsch et al. (1978) witnessed 
occurrence of greater duck nest success as cover increased in height or 
that predation was significantly reduced by taller vegetation at nest 
sites. Similarly, daily mortality decreased for nests of mallards, 
gadwalls, and northern shovelers as cover height increased at nest 
sites; daily mortality remained constant for blue-winged teal, and 
increased for northern pintail (Higgins et al. 1992). The cover 
differences in my evaluation did not seem to be responsible for annual 
nest success differences because estimated nest success by cover was 
non-significant within each year and both years combined. Yet, 
differences related to daily mortality rate and height of vegetation may 
have existed in our evaluation but were indistinguishable because of 
differences in duck species composition on DNC and NP. Differences in 
duck species composition on DNC and NP may have been related to daily 
mortality rates; however, due to small sample sizes of individual 
species I was unable to detect any species differences by cover.
The vegetation differences between 1994 and 1995 DNC study areas 
were due to 1994 DNC stands being widely represented by dense stands of 
sweetclover and/or tall wheatgrass which contributed more to VOR's and 
maximum height measures than contributions of wheatgrass and alfalfa 
components of 1995 DNC stands. In 1995 DNC, sweetclover was not 
represented because varieties of the plant are annuals, biennials, or 
short-lived perennials (Great Plains Flora Assoc. 1986) or due to
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unfavorable growing conditions in 1995. Higgins and Barker (1982) and 
Higgins et al. (1992) noted that nesting cover was similar for seeded 
grasslands, except for plantings which included sweetclover where 
sweetclover became a dominant in the second growing season. In 
addition, in 1995 wet field conditions prevented nest searching of some 
individual fields and study areas which likely resulted in fewer study 
areas represented by tall wheatgrass. I noted that dense stands of tall 
wheatgrass which lacked sweetclover and alfalfa were especially abundant 
in areas that maintained wet conditions. Tall wheatgrass is tolerant of 
saline soils and is native to saline meadows and seashores of 
southeastern Europe and Asia Minor (Duebbert et al. 1981) and is likely 
well adapted to wet sites on LTWMA. On wet sites tall wheatgrass likely 
had reduced competition from alfalfa and sweetclover which seem 
intolerant to water-logged soils.
No significant differences were found in my analysis of habitat 
composition of 1 section study areas into 6 habitat classes. Even 
though statistically significant differences were not found, field 
conditions were indeed wetter in 1995 than in 1994 as supported by the 
following: (1) my inability to nest search fields and study areas which
were searched in 1994 (e.g., study areas 401-501, 404-504, 417-517, 
418-518, 419-519), (2) records of precipitation and residual effects 
from the return of rainfall from 1993-94 (Appendix A), and (3) the 
increased number of roads or trails washed out on LTWMA in 1995 (n=13) 
compared to 1994 (n=5). Statistically significant differences in wet 
conditions by year were likely not detected because wet fields and study 
areas could not be nest searched, and as a result habitat percentages 
were not calculated. Prolonged saturation of individual sites parallel 
to Sheyenne and Coal Mine lakes and sites in proximity to the Missouri 
Coteau had unique hydrologic and geologic characteristics; possibly, 
artesian formations, seeps, and areas of water percolation.
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Increased wet conditions likely contributed to higher nest search 
densities of blue-winged teal, total nest search density and near 
significance for gadwall from 1994 to 1995. Recruitment in 1994 also 
contributed to 1995 increases in total nest search density and to near 
significant differences in nest search densities of gadwalls.
Stewart and Kantrud (1974) reported that populations of total 
ducks exhibited highest correlations with densities of class III and IV 
wetlands in combination with total wetlands. Blue-winged teal 
populations have been determined to be closely associated with 
fluctuations in area of class III wetlands (Stewart and Kantrud 1974). 
Duebbert and Lokemoen (1976) illustrated that frequency of blue-winged 
teal nests decreased with the increase in distance from major wetlands. 
Accordingly, Krapu et al. (1983) reported that mallard breeding 
densities in the prairie pothole habitat in eastern North Dakota during 
1961-80 varied annually and were correlated with pond abundance.
Breeding pair surveys in 1994-95 (N.D. Game and Fish Dep., Unpubl. 
Data) extending from Harvey to Goodrich, N.D. on N.D. Hwy. 3 for the 
total of 5 main species (i.e., blue-winged teal, mallard, northern 
pintail, northern shoveler, and gadwall) were 31.1 and 31.5 prs./mi2, 
respectively. Even though the survey was east of LTWMA by approximately 
2 miles, it suggests that there was likely no overall significant 
increase in the number of indicated breeding pairs for the totals of 5 
main species in the region around LTWMA from 1994 to 1995. Total nest 
search densities were higher in 1995, possibly as a result of a 
reduction in available nesting habitat due to increased wet conditions.
I can not exclude the possibility of localized differences in breeding 
pairs due to increased availability and quality of wetland breeding 
habitats and site diversity within LTWMA.
A decline in nest success from 1994 to 1995 may have been 
influenced by wet conditions present in 1995 that could affect 
densities and activities of both predator and waterfowl species. Wet
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conditions may have limited the availability of sites suitable for 
placement of predator dens and duck nests. Wet conditions may also have 
affected predator foraging behavior by altering their travel routes and 
movements. In 1995, in spite of decreased overall nest success, I 
noticed a shift of nesting hens into areas which had fewer nests in 1994 
as supported by differences in overall individual nest search density 
estimates from 1994 to 1995. The study areas where this phenomenon was 
noticed were often NP's which seemed to have greater relief and more 
xeric type soil aspects. Yet, assignment of soil aspects could be 
subjective as they may have been influenced by previous rains, litter 
accumulation, cover growth at each site, and human influences to discern 
these effects.
Reduction in availability of suitable nesting habitat combined 
with lower nest success rates and higher nest search densities in 1995 
suggests evidence of nest success being inversely related to nest search 
density. Several studies have suggested relationships between density 
and nest predation (Weller 1979, Hill 1984, Sugden and Beyersbergen 
1986). Spatial arrangement of food items has also been suggested to 
have an effect on foraging behavior (Tinbergen et al. 1967, Olton et al. 
1978). In part, the drop in nest success from 1994 to 1995 may be 
related to assimilation and response time of predators and their 
populations to prey populations and/or a decrease in buffer prey 
populations. Nest success and abundance of "alternate" or "buffer" prey 
have also been suggested to be directly related to one another 
(Errington 1937, Darrow 1945, Byers 1974, Weller 1979, Trevor 1989).
Results from small mammal trapping on LTWMA in 1994 and 1995 from 
the North Dakota Hantavirus Survey (R. Seabloom, Univ. North Dakota 
Biol. Dep., Unpubl. Data) showed a drop in capture rate success from 16% 
to 10%, respectively (Appendix G). Meadow voles (Microtus 
pennsylvanicus) which are the primary rodent species available to 
crepuscular and diurnal predator species (Madison 1985) on LTWMA, made
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up 32% and 13% of the captures, respectively, in 1994 and 1995. Using 
Chi-square contingency tables, captures of small mammals were contingent 
upon year on LTWMA (X2=12.285, 1 df, PcO.OOl); in addition, captures of 
Microtus spp. were contingent upon year on LTWMA (X2=19.930, 1 df, 
PcO.OOl). Total trap nights recorded on LTWMA in 1994 (n=621) were 
exceeded by total trap nights in 1995 (n=l,094).
Badgers were implicated as major predators of nests, especially on 
the two coyote study areas (i.e., 502 and 524) of 1995 DNC, and these 
were two of the four areas where long-tailed weasels were detected in 
1995. Although non-significant, badger-type depredations occurred more 
often on DNC study areas than on NP's. I believe that badgers were 
using DNC fields due to abundance of northern pocket gophers (Thomomys 
talpoides) and other prey that were commonly present on DNC plantings 
(Ward and Keith 1962; Wrigley and Dubois 1973; Higgins and Barker 1982; 
Lampe 1982; Sovada and Roaldson, Unpubl. Data.).
The proportion of skunk-type depredations was near significantly 
higher on NP's than on DNC, in addition to non-significantly higher 
percentages of red fox-type and raccoon-type depredations. I believe 
this to be due to the foraging behavior of each individual species. 
Skunks have been known to utilize areas where they can obtain adult and 
larval insects as prey items, particularly Coleoptera (Crabtree and 
Wolfe 1988). Similarly, striped skunks in eastern North Dakota during 
spring and summer foraged for insects and spent about 85 percent of 
their foraging time in grassland habitat that represented about 20 
percent of the area (Cowardin et al. 1983b).
Further, support for predator responses to availability of prey 
resources are the result of the following changes from 1994 to 1995:
(1) decline in detection of short-eared owl nests in 1995 (Appendix 
D:Tables 11 and 12), (2) decline in detection of northern harriers and 
their nests from 1994 to 1995 (Appendix DrTables 11 and 12, Appendix 
E:Tables 13-18), (3) decline in detected presence and observation of
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long-tailed weasels from 1994 to 1995 (Appendix E), and (4) increase in 
red fox-type depredations from 20% in 1994 to 25% in 1995 (Table 2), 
despite an approximate 50% increase in mean total nest search density of 
waterfowl nests (Fig. 9). All responses may be due to availability of 
prey, particularly availability of Microtus spp., especially Microtus 
pennsylvanicus.
Hamerstrom (1979) found a close association between number of 
nesting northern harriers and vole abundance, during 3 of 4 peak years 
within a 16 year period in central Wisconsin. The lack of response in 
the one of the four peak years (i.e., 1965-68) was believed due to heavy 
application of DDT on the study area, similarly, short-eared owls use 
voles as their major prey source and can be classified as a prey 
specialist with other species of owls and kites (Pearson 1985). Snyder 
and Wiley (1976) recorded prey captured by species of raptors and more 
than 90% of the captures of the barn owl (Tyto alba), great gray owl 
(Strix nebulosa). hawk owl (Surnia ulula), long-eared owl (Asio otis), 
short-eared owl, saw-whet owl (Aegolius acadicus), boreal owl (Aeqolius 
funereus), and white-tailed kite (Elanus leucurus) consisted of mammals, 
frequently Microtus spp.. In March of 1979 on 60 km2 Amherst Island in 
Lake Ontario a census reported densities of one owl/59 ha consisting of 
the following: 34 great gray owls, 22 long-eared owls, 20 short-eared 
owls, 13 snowy owls (Nvctea sandiaca), and a dozen other owls of mixed 
species (Sayr 1980). The reported densities were believed attributable 
to the meadow vole populations which had exploded that fall and had 
carried over into the winter of 1978-79.
Galushin (1974) pointed out that raptors that depend on few prey 
species (i.e., specialists) fluctuate synchronously with their prey, 
while predators with a broader prey base (i.e., generalists) lag behind 
with changes in prey populations. However, Pearson (1985) believed that 
no predator is able to outbreed Microtus spp., so a numerical response 
of the predator usually lags behind an increasing vole population.
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Raptors may respond to differences in vole abundance, as 
demonstrated with kestrels and voles by Viitala et al. (1995), and 
because of this may immigrate into areas of high vole abundance or 
emigrate from areas of low vole abundance. Fluctuations of short-eared 
owl and northern harrier abundance on LTWMA in relation to meadow vole 
populations suggest an "aggregative" and a "numerical" response (Krebs 
1994) .
Additionally in 1995, LTWMA personnel (i.e., u.s. Bur.
Reclamation, N.D. Game and Fish Dep.) made several pre-evaluation 
sightings of short-eared owls in and around LTWMA, while a single 
sighting of a short-eared owl was noted by myself on LTWMA prior to 8 
May 1995. Accordingly, short-eared owl nests were undetected in 1995, 
accompanied with a drop in small mammal capture rates and vole abundance 
on LTWMA (R. Seabloom, Univ. North Dakota Biol. Dep., unpubl. Data). 
Presumably, short-eared owls were present early in 1995, but were absent 
during the nesting period as they may have emigrated from LTWMA due to 
low vole populations or other unfavorable conditions.
Weasels are well documented as predators of Microtus spp. with 
ermines (Mustela erminea) being considered as Microtus spp. specialists 
(Pearson 1985). Fitzgerald (1977) found in a spring census of Microtus 
montanus nests that many were occupied by ermines and a few by 
long-tailed weasels of which 99% of the diet of the ermines consisted of 
Microtus spp.. Madison (1978) reported that domestic cats (Felis 
svlvestris). snakes, and weasels were the three dominant predators of 93 
radio-marked meadow voles.
Red foxes are predators of a variety of prey species, including 
both waterfowl and meadow voles (Errington 1937, Sargeant 1972). 
Errington (1937) made a direct comparison of red fox habits for a normal 
and a drought year and suggested that fewer small mammals were consumed 
as prey in the drought year and questioned if it reflected annual prey 
abundance. Sargeant (1972) reported that red fox utilization of
57
waterfowl was dependent on the vulnerability of waterfowl and other prey 
and to the predatory behavior of individual foxes. Further, "meadow 
mouse (Microtus pennsylvanicus) populations were abnormally high in the 
spring of 1969, and they were heavily used by the foxes in all six 
townships. They may have buffered red fox utilization of waterfowl" 
(Sargeant 1972:232). The increase of red fox-type depredations from 
1994 to 1995 on LTWMA suggests that red foxes were presumably affected 
by the decline in vole abundance. Conversely, when meadow voles are 
found in great abundance as in 1994 they may act as a "buffer" species 
for waterfowl populations.
I included canid species in my analysis to determine if canid 
occupancy had any influence on nest success rates. Sovada (1993) and 
Sovada et al. (1995) determined that nest success of upland nesting 
ducks is higher in areas with coyotes than areas with red foxes. I was 
unable to detect a significant difference by canid species and this may 
have been due to study design. I have every reason to believe that on 
average the association holds to be true, since Sovada (1993) and I had 
fundamental differences in our study designs and objectives. However, 
with decreased prey availability both species (i.e., red fox and coyote) 
may pursue alternate sources of prey (i.e., for coyotes this may include 
more ducks and duck eggs than previously evaluated).
Sovada (1993:54) reported that: "Nest success rates reported for 
individual study areas indicate that presence of coyotes does not 
guarantee that nest success rates will be high, or conversely, that the 
presence of foxes will mean poor nest success. Many factors, such as 
locations of canid rearing dens, the size of the canid family occupying 
a territory, availability of prey, differences in the importance of eggs 
relative to other food items (i.e., behavioral differences between 
individuals), the abundance of other predators, and other factors all 
may affect nest success rates."
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In part, my inability to detect a difference in nest success by 
canid could have been due to the continuum of use on areas by canid 
species of strictly red fox, strictly coyote, and mixed levels of use by 
both and/or other species (i.e., compensatory predation). Several of my 
study areas were likely located within the territory of the same coyote 
or red fox family, while Sovada (1993) and Sovada et al. (1995) had 
spatially segregated study areas with separate canid territories, and 
with limited samples of mixed canid areas. My methods of determining 
major canid species were likely less precise than Sovada (1993) and 
Sovada et al. (1995) because I did not conduct systematic track surveys. 
Despite this fact, my determinations of major canid appeared appropriate 
as supported by decreasing percent fox-type depredations present on red 
fox, mixed, and coyote study areas (Fig. 10). My study was not designed 
to facilitate testing of Sovada's (1993) and Sovada et al. (1995) 
canid-nest success (CNS) hypothesis, but was used to determine if 
presence of canid species on each study area had any influence on the 
nest success estimates. If the cover types would have shown a 
significant difference in nest success, then it would have been 
important to know if the difference detected was due to cover or canid 
effects.
More information can be obtained when examining 1995 DNC study 
areas into two groups of major canid occupancy. A markedly higher nest 
success was noted on 1995 DNC areas occupied primarily by red foxes than 
by coyotes, where an estimated 25% and 5% Mayfield nest success were 
exhibited, respectively. Small sample size (i.e., red fox n=5; coyote 
n=2) limits the reliability as inappropriate assignment of canid can 
take place. Regardless, nest success on the 1995 DNC red fox areas were 
considerably higher than all other 1995 study areas and was the only 
cover-canid class that did not show a dramatic decline from 1994 to 
1995. I feel that these differences exhibited may, possibly, be due to 
predator interactions and interference competition, individual predator
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differences (i.e., good fox-bad coyote) (Sargeant 1972, Sovada 1993), 
changes in foraging behavior associated with a decrease in prey 
(Errington 1937, Crabtree and Wolfe 1988), compensatory predation by 
abundant and readily available predator species (Greenwood 1986,
Crabtree and Wolfe 1988), and presence of sarcoptic mange in canid 
populations on LTWMA. A mange outbreak was detected in North Dakota (S. 
Allen, N.D. Game and Fish Dep., pers. comm.) during the evaluation 
period of the project and mange was suspected on canids on LTWMA (S. 
Peterson, N.D. Game and Fish Dep., pers. comm.).
On three separate occasions, red foxes were believed to have been 
depredated by coyote(s) or raptor(s) on areas with known coyote 
presence:
(1) on 9 July 1994, at the very southern end of study 
area 419, a recently depredated red fox pup was found near 
(i.e., within approximately 10 m) a fox den site. The left 
front shoulder from the juvenile was missing and bunches of 
fur were found within 1-2 m from the carcass. Skin had been 
removed from the juvenile up to the thoracic vertebrae, 
where there appeared evidence of marks where it had been 
gnawed.
(2) on 17 May 1995, a recently killed (i.e., 
approximately 1-2 days) adult, female red fox was found dead 
on study area 513 in an open field of NP. The fox was found 
within 5 m of areas of patches of dorsal hairs and underfur 
suggesting a struggle. The female had wounds that appeared 
as bites just anterior to the hips with a very noticeable 
patch missing from the dorsal hindquarters. Wounds were 
also inflicted in the ventral portion of the hind legs in 
the groin. Two pairs of matched canine-type holes were 
present on each side of the thoracic cavity extending over
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the heart and lungs. The two paired canine-type holes had a 
maximum inner distance of approximately 25 and 32 mm. Each 
individual perforation had a maximum diameter of 11 mm.
Fresh coyote tracks were found < 100 m away on an area of 
bare soil and were heading in the direction of the carcass.
(3) On 9 June 1995, an adult female red fox was found 
depredated on study area 536 on the edge of a tree planting. 
The female was believed to have been dead for less than a 
week, since it was not covered by dirt from weed removal 
efforts which occur in the tree plantings on LTWMA. The 
eyes were still solid and not sunken or discolored from 
decay. A tear was present on the ventral side of the 
hindquarters, particularly the left. The fur was well 
removed from the base of the tail where it joined the 
hindquarters; suggesting sarcoptic mange or the fox was 
flung about by the tail. Again, there was presence of two 
matched pairs of canine-like perforations on both sides of 
the thoracic cavity, inter-perforation distances measured 
approximately 35 mm. Coyote tracks were found < 1 m from 
the female red fox carcass. A single pair of fox and coyote 
tracks were found paralleling each other down the tree rows 
leading up to the location of the carcass. The tracks were 
spaced as if both individuals were in a running gait. The 
fox tracks ended at the carcass, but the coyote tracks 
continued beyond to areas farther north through the tree 
plantings. The coyote tracks measured approximately 64 mm 
from the base of the hind foot pad to the tip of the 
furthest forward toe pad. There were no evident signs of 
major struggle.
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Additionally, a red fox carcass was found on study 
area 536 on 9 June 1995 with unknown cause of death.
However, dirt covered this carcass from activity of 
cultivation by tree crews. I estimated that this red fox 
may have been dead for as much as a month, but was 
definitely from this spring. The eyes of this fox were 
sunken into the skull. There was no evidence that readily 
suggested that the fox had been killed by a coyote, 
sarcoptic mange may have contributed to the death of this 
individual, and was possibly present on the adult red fox 
female depredated on 536.
Even though inconclusive, each of the three dated occurrences 
suggests at least some evidence of possible coyote depredation. In my 
opinion, these incidents accompanied by evidence in a decline in prey 
populations on LTWMA starting in 1994 (R. Seabloom, Univ. North Dakota 
Biol. Dep., pers. comm.) may in part be reasons for believed 
antagonistic behaviors between sympatric populations of canids. Gese et 
al. (1996) indicated that coyotes often tolerate red foxes in 
Yellowstone National Park, agreeing with Sargeant and Allen (1989).
Gese et al. (1996:381) wrote, "perhaps, in other areas or during years 
of low abundance of prey, competition for resources would be more 
intense and interspecific aggression by coyotes toward foxes 
consequently would be higher, resulting in spatial avoidance of coyotes 
by red foxes." Continued efforts should be made into evaluation of 
relationships between red fox-coyote interactions, predator-prey 
relationships, and in particular role of "alternate" and "buffer" prey 
species influence on waterfowl nest success.
Non-waterfowl species showed differences in use by cover and by 
year. Northern harriers showed higher use of DNC for nesting than NP's, 
while short-eared owls showed near significance of the same association.
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Sharp-tailed grouse had higher nesting use on areas of NP and some 
stands of DNC with associations of wheatgrasses and alfalfa. Nesting 
habitat use by sharp-tailed grouse was concentrated in NP's, but has 
been shown to be related to distance from breeding grounds (Hamerstrom 
1939; Hamerstrom and Hamerstrom 1951). Sharp-tailed grouse numbers 
increased both in 1994 and 1995 (N.D. Game and Fish Dep., Unpubl. Data), 
and nesting use of DNC in 1995 may be associated with the changes in 
vegetation to wheatgrass and alfalfa stands. Overflow of nesting grouse 
hens into surrounding habitats may occur due to increases in annual 
recruitment and reduction in availability of suitable nesting cover. 
Although unable to be statistically tested due to small sample sizes, 
shorebird species seemed to primarily use NP as nesting habitat, likely 
related to the shorter cover as supported by mean vegetation measures in 
VOR's and maximum height. My findings were similar to Kantrud and 
Higgins (1992) who suggested that American bitterns, northern harriers, 
short-eared owls, and gallinaceous game birds nested in tall, dense 
vegetation, while shorebirds nested in relatively short, sparse 
vegetation. Both DNC and NP individually provide benefits to non­
waterfowl species, specifically nesting use by avian species.
I could not rule out the influence that individual site 
differences may have had on my samples. I had no control over any 
unique or localized differences in the following: (1) geology, 
hydrology, or soil types; (2) predator abundance, presence, or use; and 
(3) when and/or why one planted cover type may have been placed in one 
location as opposed to another. Randomization of samples was conducted 
to circumvent any of these concerns. However, if systematic placement 
of DNC or NP's was conducted on locations believed to be "good" or "bad" 
for waterfowl production, then these pre-established criteria would 
limit the degree of randomness of my samples.
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Management Implications
Regardless of the analysis used, DNC showed significantly higher 
nest search densities of upland nesting ducks than NP on LTWMA. In both 
analyses, DNC exceeded NP by approximately 2.5 (range=2.43-2.67) times 
the nest search density or nest initiations of upland nesting duck 
species when differences in nest success were undetected. Therefore,
DNC has potential productivity 2.5 time greater than NP for successful 
duck nest production. On average, I found approximately 3 (i.e., 1994 = 
2.9 and 1995 = 3.0) times greater duck nest production in DNC than in NP 
(Table 1). Most of these differences were likely due to use of 
available nesting habitats and selection of nests sites by hens, in 
relation to available wetland complexes and structural differences in 
cover (i.e., measures of percent wetland composition, VOR's, maximum 
height measures, percent botanical species composition, total ground 
cover, total herbaceous cover, etc.).
Both DNC and NP provide benefits to other non-waterfowl avian and 
mammalian species. It is for this reason that I would suggest use of 
both cover types by wildlife managers as management tools for a 
diversity of wildlife species. Plantings of DNC on LTWMA have 
potentials of much greater productivity than those of NP for upland 
nesting waterfowl species, if nest success and fledgling rates are not 
different between DNC and NP. In part, I believe this to be due to 
deficiencies in the composition of plant species of NP's. Additions of 
species of brushy and herbaceous plants should be made to NP's to 
resolve this problem. Additions of native species of western snowberry 
(a.k.a., wolfberry) and Wood's rose have already been made to selected 
plantings on LTWMA. Further additions of species native to the area 
which will add to the structure and diversity of NP covers without 
taking over dominance of the stand should be reviewed. Some suggestions 
may include: silverberry (Eleaqnus commutatal. leadplant (Amorpha
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canescens), select goldenrods (Solidaqo spp.)f and select vetches (Vicia
spp.)•
In an agricultural setting DNC stands have an added benefit as 
they possess species desired for livestock forage production that can be 
either grazed or hayed. Yet, stands of DNC tend to be shorter lived 
than stands of NP, and NP's may be easier to maintain with periodic 
rejuvenation by prescribed burning. However, NP's with woody and brushy 
species would be less desirable for hay production, but could be 
effectively grazed. Both would give the wildlife manager viable options 
if agricultural uses of planted cover are a concern.
Further, annual and perennial weeds can be a problem when planting 
any replacement cover. Higgins and Barker (1982) and my project showed 
representation of common problem and noxious weeds in stands of planted 
cover (Appendix FsTables 26-29). Uniquely, I found that encroachment of 
planted fields by invasive species seemed to start at the field margins 
adjacent to or bordered by odd areas and rights-of-way where weeds had 
been previously established, commonly these areas have smooth brome, 
Kentucky bluegrass (Poa pratensis), leafy spurge (Euphorbia esula), 
thistles (Cirsium spp. and Sonchus spp.), and other annuals and 
perennials that readily invade fields. Invasives may be following 
pocket gopher immigration (Higgins and Barker 1982) and biotransfer of 
weeds associated with rights-of-way and human travel routes. I suggest 
that when establishing planted covers all vegetation be removed up to 
the gravel roads and trails circumscribing the area prior to placement 
of a planted cover, assuming the area is not undisturbed native prairie 
or has been previously tilled for agricultural purposes. Therefore, 
encroachment by invasive noxious weed species may be slowed or halted by 
prevention, competition from planted cover species, and selective 
application of herbicides.
For future management of planted covers it is my opinion that no 
native or planted covers exist or will exist which can or will
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physically exclude the majority of duck nest and hen predators without 
exclusion of nesting hens. X feel this to be due to differences in 
physical attributes, behavior, and foraging strategies of individual 
predators (Sargeant 1972, Sargeant et al. 1984) and predator species 
combined with their potentials for adaptability, other methods that 
take into account behavior and foraging strategies are, in my opinion, 
the direction that must be followed to alleviate effects of predation on 
waterfowl nest success.
There are many potential areas of discussion which have not been 
covered in this thesis that will have impacts on how planted cover 
should be managed by public and private entities: (1) impacts that 
planted covers have on non-waterfowl wildlife species should be examined 
in further study; (2) effects of cover on sustainability of species 
with different habitat use strategies (i.e., habitat generalists versus 
habitat specialists); effectively, managers should we manage for 
long-term sustainability of all wildlife species? (3) re-evaluation of 
total cost/benefit analyses, as newer methods and techniques of planting 
cover are developed.
Political agendas and tight times have brought increased budget 
cuts to already disabled programs in actions of "corporate and 
government downsizing," "re-alignment," "privatization," "relinquishment 
of government jurisdiction," "open markets," and "new fiscal 
responsibility." Whatever you wish to call it, there still exists a 
need to provide effective and efficient management practices that take 
into account biological need, use, and economic feasibility. Human 
population growth and lack of conservation will put even further 
constraints and demands onto already limited resources. As future 
wildlife managers, we will need to be sensitive to increased industrial, 
municipal, and recreational use of our natural resources by aesthetic, 
consumptive, and non-consumptive consumers.
APPENDIX A
PRECIPITATION AND TEMPERATURE RECORDS
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Table 4. Monthly (March-July 1994-95) and annual (1992-95)
precipitation and temperature totals with deviations from 
1961-90 normals for weather stations near Lonetree WMA 
(U.S. Dep. Commer. 1992-1995).
Weather

























































































































































































































































































STUDY AREA AND VEGETATIVE TRANSECT DESCRIPTIONS
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Table 5. Legal and field descriptions of study areas on Lonetree WMA, 1994-95
Study Area Legal Description Fields3
(T-R-S)
NATIVE GRASS PLANTING (NP) 
1994
401 T148N R7 4W S4 A,B,11,12,K
403 T149N R74W S35 E,G1,G2,G3,G4,H1,H3
407 T148N R74W S6 A, B, C, D
409 T148N R7 4W Si A, C, F
411 T148N R73W S17 Al,E,G
413 T148N R74W S8 F,H,I,K,L
415 T148N R74W S3 F,H,I,J,K
417 T148N R7 4W S5 D,E,H
419 T148N R7 4W S9 B, D
421 T148N R7 4W S10 D,E,G1,G2
423 T149N R7 3W S31 A, B , E , G, J, L
501 T148N R74W S4 A,B,11,12,K
503 T149N R74W S35 E,Gl,G2,G3,H3
507 T148N R7 4W S6 A,B,C,D
(Continued)
Table 5. Continued
Study Area Legal Description Fields3
(T-R-S)
509 T148N R74W Si a ,c ,f
513 T148N R74W S8 F,L,H,K
515 T148N R74W S3 F,H,I, J,K
517b T148N R74W S5 E
519b T148N R74W S9 D
52 lb T148N R74W S10 D,E
523 T149N R73W S31 B r E t G f J , L
525 T149N R76W S12 A,C,D,E,F , G ,X
527 T148N R74W S7 B
529b T149N R76W S13 A
DENSE NESTING COVER (DNC) 
1994
402 T148N R74W S5 A,B,C,F
404 T149N R74W S32 F
406 T149N R73W S3 1 C,D,F,H,I,K,M
408 T149N R74W S34 D,F,J2,G




Study Area Legal Description Fields3
(T-R-S)
412 T148N R74W Sll C,G4,G5,I,K
414 T148N R74W S13 C,F,G,H,I
416 T148N R7 4W S12 A,A3,G,H,I
418 T149N R74W S30 A,B2, D, F
420 T149N R7 4W S35 F,H2,H4
422 T148N R74W S2 G, Hi, H2 , H3,]
502 T148N R7 4W S5 A,B,C,F
504b T149N R74W S32 F
506 T149N R73W S31 D,F,H,I,K,M
5 0 8b T149N R74W S34 G
512b T148N R74W Sll I
518b T149N R74W S30 D
520 T149N R74W S35 F,H2,H4
524 T149N R75W S27 A,D1,E,G
526b T149N R7 4W S33 A
528b T149N R7 5W S34 A, B
(Continued)
Table 5. Continued
Study Area Legal Description Fields3
(T-R-S)
530b T149N R74W S29 I
532 T148N R74W S3 A,B,Cl,D,E,G
534 T149N R7 5W S22 C,D,E,G2,H
536c T148N R7 3W S4 B, Bl,C,G
538c T149N R74W S36 H,I,J,L,N
3 U.S. Bureau of Reclamation field designations, U.S. Bureau of Reclamation, 
Bismarck, N.D.
b Study area with vegetative data collected in 1995. Study area not nest 
dragged in 1995 due to extremely wet ground conditions.
c Study area nest dragged in 1995 and no residual vegetation data collected.
Table 6. Nest search dates of study areas on Lonetree WMA, 1994-95.
study Area First Search Second Search Third[ Search
NATIVE GRASS PLANTING (NP)
1994
401 May 9 May 31 June 20
403 May 10 June 1 June 21
407 May 12 June 3 June 22
409 May 13 June 5 June 24
411 May 14 June 5 June 25
413 May 17 June 8 June 27
415 May 17,18 June 8,10 June 27
417 May 17 June 8 June 27
419 May 20 June 11,12 June 30
421 May 20,21 June 12 June 30
423 May 22 June 13 July 1
1995
501 May 19,20 June 8,9 June 30, July 1
503 May 14 June 2 June 24,25
507 May 8,9 May :29 June 19
509 May 16 June 4 June 27
(Continued)
Table 6. Continued
study Area First Search Second Search Third Search
513 May 17,18 June 6,7 June 28
515 May 18 June 7 June 28,29
523 May 11 May 31 June 22
525 May 15 June 3 June 26
527 May 20,21 June 10 July 1
DENSE NESTING COVER (DNC)
1994
402 May 9 May 31 June 20
404 May 11 June 2 June 21,22
406 May 13 June 4,5,6 June 23,24
408 May 10 June 1 June 21
410 May 14 June 6 June 24
412 May 18 June 10 June 28
414 May 15 June 6,7 June 25
416 May 15,16 June 7 June 26
418 May 19,20 June 11 June 29,30
420 May 21,22 June 12 July 1
422 May 22 June 13 July 1,2
(Continued)
Table 6. Continued
study Area First Search Second Search Third Search
1995
502 May 10 May 29,30 June 19,20,21,22
506 May 16 June 3,4 June 26,27
520 May 14 June 1,2 June 24
524 May 12 May 31, June 1 June 23
532 May 14,15 June 2 June 25
534 May 17 June 6 June 2 8
536 May 2 0 June 9 July 1
538 May 19 June 7,8 June 29
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Table 7. Vegetative line transects, 1994.
Line Transect3 Compass Heading13 Step Startc Field(s)d
NATIVE GRASS PLANTING 
401-43-1
(NP)
303° MN 1 12
401-43-2 309° MN 8 B
403-43-1 263° MN 17 E,H3
407-43-1 343° MN 22 D, C
409-43-1 89° MN 10 A
411-43-1 245° MN 13 E
413-43-1 324° MN 17 K, I
415-43-1 195° MN 25 H,K
417-43-1 0CN MN 6 E
419-43-1 223° MN 20 D
419-43-2 37° MN 25 B
421-43-1 280° MN 3 D
421-43-2 00000 MN 16 E
421-43-3 143° MN 12 G1
423-43-1. 356° MN 20 E
DENSE NESTING COVER 
402-42-1
(DNC)
276° MN 24 A
402-42-2 6° MN 2 C
402-42-3 126° MN 16 F
404-42-1 296° MN 23 F
406-42-1 157° MN 11 H
408-42-1 186° MN 14 G
408-42-2 134° MN 16 G, D
410-42-1 66° MN 11 D
412-42-1 322° MN 10 C




Line Transect3 Compass Heading13 Step Startc Field(s)d
416-42-1 270° MN 12 A
416-42-2 160° MN 17 H
418-42-1 137° MN 12 D
418-42-2 117° MN 9 B2
418-42-3 300° MN 14 A
420-42-1 222° MN 17 H2
420-42-2 190° MN 18 F
422-42-1 240° MN 23 G
422-42-2 257° MN 1 K
a study area-cover type-line number.
b Heading given in degrees from Magnetic North (MN).
c Number of steps from a designated field border that the line 
transect starts; randomly selected from numbers 1-25.
d U.S. Bureau of Reclamation field designations, U.S. Bureau of 
Reclamation, Bismarck, N.D.
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Table 8. Vegetative line transects, 1995.
Line Transect3 Compass Heading13 Step startc Field(s)d
NATIVE GRASS PLANTING (NP)
501-43-1 69° MN 1 B
501-43-2e 122° MN 18 11
503-43-1 74° MN 22 H3
507-43-1 159° MN 11 B
509-43-1 6 8° MN 12 A
513-43-1 275° MN 21 F
515-43-1 224° MN 9 F
517-43-lf 354° MN 3 E
519-43-lf 117° MN 23 D
52l-43-lf 273° MN 18 E
523-43-1 274° MN 2 J
525-43-1 113° MN 20 I,A
527-43-1 108° MN 6 B
529-43-lf 288° MN 21 A
DENSE NESTING COVER (DNC)
502-42-1 175° MN 23 C
502-42-2e 294° MN 16 F
504-42-lf 288° MN 25 F
506-42-1 9° MN 25 F
508-42-lf 186° MN 15 G
512-42-lf 266° MN 21 I
518-42-lf 315° MN 20 D
520-42-1 295° MN 16 H4
524-42-1 280° MN 6 E, D1
526-42-lf 114° MN 20 A




Line Transect3 Compass Heading13 Step Start0 Field(s)d
530-42-lf 51° MN 3 I
532-42-1 275° MN 18 A
532-42-2e 116° MN 13 Cl, D
534-42-1 127° MN 14 C, H
536-42-1® 246° MN 6 B
538-42-le 7° MN 7 H
a Study area-cover type-line number.
b Heading given in degrees from Magnetic North (MN).
c Number of steps from a designated field border that the line 
transect starts; randomly selected from numbers 1-25.
d u.s. Bureau of Reclamation field designations, U.S. Bureau of 
Reclamation, Bismarck, N.D.
e Transect without residual vegetation values for 1995. 
f Line transect from study area not nest searched in 1995.
APPENDIX C
MAPS OF EVALUATED STUDY AREA SECTIONS
82
83
CLASS HABITAT DESCRIPTION CLASS HABITAT DESCRIPTION
Wetland: Upland:
1 Type 1 30 Mixed Shrub
13 Type 1-Tilled 31 Mixed Woodland
21 Type 1-Fluvial 32 Shelterbelt
2 Type 2 33 Windbreak
23 Type 2-Fluvial 35 Planted Woodland
3 Type 3 40 Native Grassland
12 Type 3-Tilled 41 Tame Grassland
14 Type 3-Drained 42 Dense Nesting Cover
17 Type 3-Fluvial "DNC"
89 Type 3-Tilled Drained 43 Cool Season Natives
91 Type 3-Fluvial Tilled "Native Grass Plantings"
4 Type 4 "NP"
15 Type 4-Fluvial 44 Warm Season Natives
5 Type 5 45 Alfalfa
9 Type 9 50 Cropland
25 Type 3-Fluvial Stream 51 Farmstead
205 Type 4-Fluvial Stream 52 Barren
8 Oxbow 54 Mine/Gravel Pit
80 Oxbow 1 56 Facility
83 Oxbow 3 57 Existing Cover Crop
84 Oxbow 4 58 Existing Food Plots
11 Drain 60 Paved Road
7 Dugout 61 Gravel Road
6 Perennial Stream 62 Trail
22 Canal 75 Dike
24 sheyenne River 76 Junk Piles
10 Intermittent Stream 78 Dam Construction Area
79 Lonetree Dam
Borrow Area
* denotes that field "A" is identified as class "42" (Dense 
Nesting Cover) with fields "B, C, and D" as class "1" (Type 
1 wetlands)
Figure 14. Key for U. S. Bureau of Reclamation habitat 
identification classes and field 
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Figure 15. Nest searched area and vegetative transect
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Figure 16- Nest searched area and vegetative transects
on T148N R73W S17 (study areas 410 and
411), Lonetree WMA, 1994-95.
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Figure 17. Nest searched area and vegetative transects
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Figure 18. Nest searched area and vegetative transects
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Figure 19. Nest searched area and vegetative transects
on T148N R74W S3 (study areas 415, 515, and
532), Lonetree WMA, 1994-95.
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Figure 20. Nest searched area and vegetative transects
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Figure 21. Nest searched area and vegetative transects
on T148N R74W S5 (study areas 402, 417,
502, and 517), Lonetree WMA, 1994-95.
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Figure 22. Nest searched area and vegetative transects












Figure 23. Nest searched area and vegetative transect
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Figure 24. Nest searched area and vegetative transects
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Figure 25. Nest searched area and vegetative transects
on T148N R74W S9 (study areas 419 and 519),
Lonetree WMA, 1994-95.
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Figure 26. Nest searched area and vegetative transects
on T148N R74W S10 (study areas 421 and
521), Lonetree WMA, 1994-95.
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Figure 27. Nest searched area and vegetative transects
on T148N R74W Sll (study areas 412 and
512), Lonetree WMA, 1994-95.
A
0 100 200 300 400
e H S t z z z B B B Z Z D
METERS
97
0 100 200 ^ 300 400
METERS
[_____] SearchedNP (1995)
B Z 3  Vegetative Transect 
Compass Heading
Figure 28. Nest searched area and vegetative transects
on T148N R74W S12 (study area 416),
Lonetree WMA, 1994-95.
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Figure 29. Nest searched area and vegetative transect
on T148N R74W S13 (study area 414),
Lonetree WMA, 1994-95.
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Figure 30. Nest searched area and vegetative transects
on T149N R73W S31 (study areas 406, 423,
506, and 523), Lonetree WMA, 1994-95.
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Figure 31. Nest searched area and vegetative transect
on T149N R74W S29 (study area 530),
Lonetree WMA, 1994-95.
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Figure 32. Nest searched area and vegetative transects
on T149N R74W S30 (study areas 418 and
518), Lonetree WMA, 1994-95.
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Figure 33. Nest searched area and vegetative transects
on T149N R74W S32 (study areas 404 and
504), Lonetree WMA, 1994-95.
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Figure 34. Nest searched area and vegetative transect
on T149N R74W S33 (study area 526),
Lonetree WMA, 1994-95.
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Figure 35. Nest searched area and vegetative transects
on T149N R74W S34 (study areas 408 and
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Figure 36. Nest searched area and vegetative transects
on T149N R74W S35 (study areas 403, 420,
503, and 520), Lonetree WMA, 1994-95.
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Figure 37. Nest searched area and vegetative transect







Searched NP (19 94)
SearchedDNC (1995) 
Searched NP (19 95)
Vegetative Transect 
Compass Heading
Figure 38. Nest searched area and vegetative transect
on T149N R75W S22 (study area 534),
Lonetree WMA, 1994-95.
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Figure 39. Nest searched area and vegetative transect
on T149N R75W S27 (study area 524),
Lonetree WMA, 1994-95.
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Figure 40. Nest searched area and vegetative transect
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Figure 41. Nest searched area and vegetative transect














Figure 42. Nest searched area and vegetative transect





Table 9. Duck species composition of nests found in native grass plantings on Lonetree WMA, 1994-95.
1994 NP STUDY AREAS (n=ll)________________
LSMean
DUCK SPECIES 401 403 407 409 411 413 415 417 419 421 423 Total (Nests/ha>
Mallard 2 3 8 1 1 _ 1 2 _ 1 19 (0.027)
Gadwall 1 - 5 2 1 3 1 1 3 - 1 18 (0.025)
American Wigeon - - - - - - - - - - - 0 (0.000)
Green-winged Teal - - - - - - - - - 1 1 (0.001)
Blue-winged Teal 1 3 7 - - 2 - 7 1 - 2 23 (0.032)
Northern shoveler 2 2 12 1 - 3 1 2 2 - 3 28 (0.039)
Northern Pintail 1 1 2 - - - 2 1 - - - 7 (0.010)
Redhead - - - - - - - - - - - 0 (0. 000)
Lesser Scaup - - - - - - - - - - - 0 (0.000)
Total Nests Found 7 9 34 4 2 8 4 12 8 0 8 (n=96)
1995 NP STUDY AREAS (n=9)
LSMean
501 503 507 509 513 515 523 525 527 Total (Nests/ha)
Mallard 3 3 8 1 1 1 2 _ 2 21 (0.036)
Gadwall 4 1 2 2 - 1 7 3 2 22 (0.037)
American Wigeon - - - - - - 1 - 1 2 (0.003)
Green-winged Teal - - - - - - - - - 0 (0.000)
Blue-winged Teal 9 4 21 - 10 - 5 5 7 61 (0.104)
Northern Shoveler 5 4 12 2 7 1 10 1 9 51 (0.087)
Northern Pintail 2 1 3 - 1 3 3 1 - 14 (0.024)
Redhead - - - - - - - - - 0 (0.000)
Lesser Scaup - - - - - - - - - 0 (0.000)
Total Nests Found 23 13 46 5 19 6 28 10 21 (n=171)
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Table 10. Duck species composition of nests found in dense nesting cover plantings
on Lonetree WMA, 1994-95.
1994 PNC STUDY AREAS (n=ll)________________
LSMean
DUCK SPECIES 402 404 406 408 410 412 414 416 418 420 422 Total (Nests/ha)
Mallard 8 28 27 4 10 16 15 11 12 8 16 155 (0.219)
Gadwall 11 12 14 3 5 7 4 2 12 5 4 79 (0.111)
American wigeon 1 - - - - - 1 - - 2 (0.003)
Green-winged Teal - - - - - - - - 1 - - 1 (0.001)
Blue-winged Teal 2 2 - 2 1 1 - 2 1 - 4 15 (0.021)
Northern Shoveler 4 4 5 - 1 4 1 2 8 1 - 30 (0.041)
Northern Pintail 2 1 11 2 2 1 5 6 6 1 - 37 (0.052)
Redhead - - - - - - - - 1 1 - 2 (0.003)
Lesser Scaup 1 1 - - - - - - - - - 2 (0.003)
Total Nests Found 29 48 57 11 19 29 26 23 41 16 24 (n=323)
1995 DNC STUDY AREAS (n=8)
LSMean
502 506 520 524 532 534 536 538 Total (Nests/ha)
Mallard 30 17 8 11 10 2 6 13 97 (0.185)
Gadwall 18 21 8 22 8 2 7 9 95 (0.181)
American Wigeon - - - - - - - - 0 (0.000)
Green-winged Teal - - 1 - - 1 - 2 (0.004)
Blue-winged Teal 18 8 5 9 3 10 4 6 63 (0.120)
Northern Shoveler 9 - 4 3 2 - 4 1 23 (0.044)
Northern Pintail 3 4 6 4 2 - 3 4 26 (0.049)
Redhead - - - - - - - - 0 (0.000)
Lesser Scaup - - - - - - - - 0 (0.000)
Total Nests Found 78 50 32 49 25 14 25 33 (n=306)
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Table 11. Non-duck species composition of nests found in native grass plantings on Lonetree WMA, 1994-95.
AVIAN SPECIES
1994 NP STUDY AREAS (n=ll)
Total (Mean)401 403 407 409 411 413 415 417 419 421 423
American Bittern _ _ _ _ _ _ _ _ _ _ _ 0 (0.00)
Wilson's Phalarope - - - - - - - - - - - 0 (0.00)
Marbled Godwit - 1 - - - - 1 - - - - 2 (0.18)
willet - - - - 1 - - - 2 - - 3 (0.27)
Upland Sandpiper - - 2 - - - - - - 3 - 5 (0.45)
Sharp-tailed Grouse 1 - 2 - - 2 - - - 5 (0.45)
Ring-necked Pheasant - - - - - - - - - - - 0 (0.00)
Wild Turkey - - - - - - - - - - - 0 (0.00)
Northern Harrier - - - - - - - - - - - 0 (0.00)
short-eared Owl - - 1 - - - - 1 - - - 2 (0.18)
Total Nests Found 1 1 5 0 1 0 3 1 2 3 0 (n = 17)
I—*
1995 NP STUDY AREAS (n=9)
h-*
U1
501 503 507 509 513 515 523 525 527 Total (Mean)
American Bittern _ _ . _ _ 0 (0.00)
Wilson's Phalarope 2 - - - - - - - - 2 (0.22)
Marbled Godwit 1 - 1 - - - - - - 2 (0.22)
willet 1 - - - - - - - - 1 (0.11)
Upland Sandpiper - - 1 - - - 1 - - 2 (0.22)
Sharp-tailed Grouse 3 1 3 1 1 - - 1 2 12 (1.33)
Ring-necked Pheasant - - - - - - - - - 0 (0.00)
wild Turkey - - - - - - - - - 0 (0.00)
Northern Harrier - - - - - - - - - 0 (0.00)
short-eared Owl - - - - - - - - - 0 (0.00)
Total Nests Found 7 1 5 1 1 0 1 1 2 (n=19)
Table 12. Non-duck species composition of nests found in dense nesting cover plantings
on Lonetree WMA, 1994-95.
AVIAN SPECIES
1994 DNC STUDY AREAS (n=ll)
Total (Mean)402 404 406 408 410 412 414 416 418 420 422
American Bittern _ 2 _ _ _ _ _ _ _ _ _ 2 (0.18)
Wilson's Phalarope - - - - - - - - - - - 0 (0.00)
Marbled Godwit - - - - - - - - - - - 0 (0.00)
Willet - - - - - - - - - - - 0 (0.00)
Upland sandpiper - - - 1 - - - - - - - 1 (0.09)
Sharp-tailed Grouse - - - - - - - - - - 0 (0.00)
Ring-necked Pheasant - - - - - - - - - - - 0 (0.00)
Wild Turkey - - - - - - - - - - - 0 (0.00)
Northern Harrier 1 3 1 1 - 1 1 - 2 1 1 12 (1.09)
Short-eared owl - 1 1 1 - 2 1 - 2 2 1 11 (1.00) t—»Total Nests Found 1 6 2 3 0 3 2 0 4 3 2 (n=26) I-*O')
1995 DNC STUDY AREAS 00IIC
502 506 520 524 532 534 536 538 Total (Mean)
American Bittern 1 _ _ _ _ _ _ 2 3 (0.38)
Wilson's Phalarope - - - - - - - - 0 (0.00)
Marbled Godwit - - - - - - - - 0 (0.00)
Willet - - - - - - - - 0 (0.00)
Upland Sandpiper - - - - - 2 - - 2 (0.25)
Sharp-tailed Grouse 4 - - 3 - 2 - 9 (1.13)
Ring-necked Pheasant - - - 1 - - - - 1 (0.13)
wild Turkey - - - 1 - - - - 1 (0.13)
Northern Harrier 1 - - - 1 - - 1 3 (0.38)
Short-eared Owl - - - - - - - - 0 (0.00)
Total Nests Found 6 0 0 5 1 2 2 3 ( n = 19)
APPENDIX E
PREDATOR SPECIES COMPOSITION, OBSERVATION RATES, 
AND LIVETRAPPING RECORDS
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Table 13. Mammalian and avian predators detected on study area sections on Lonetree WMA, 1994.
1994 NP Study Areas (n=ll)
PREDATOR SPECIES 401 403 407 409 411 413 415 417 419 421 423 Total (Percent
Badger X o o o o o X X X X X 6 55%
Raccoon X o X o X X X X X o 7 64%
Striped skunk X X X X X o X X X X X 10 91%
Mink X X 2 18%
Long-tailed Weasel X X X 3 27%
Franklin's G. s.a X ? X X 3 27%
Red Fox X X o X X X X X X X X 10 91%
Coyote X X X X X 5 45%
Total Mammalian Spp. 6 3 2 5 3 2 5 5 6 6 3
Great-horned Owl X X X 3 27%
American Crow X X X X 4 36%
Black-billed Magpie 0 0%
Large Gull Spp. X X X 3 27%
Red-tailed Hawk X X X X X X X X X X 10 91%
Northern Harrier X X X X X X X X X X X 11 100%
Swainson's Hawk X X X X X 5 45%
Unknown Large Hawk X X X X X X X X X X X 11 100%
Total Avian Spp. 2 3 4 4 2 3 4 3 2 3 6
x Species present as detected by sighting, incidental tracks, or livetrapping.





1994 DNC Study Areas (n=ll)
PREDATOR SPECIES 402 404 406 408 410 412 414 416 418 420 422 Total (Percent)
Badger X o X o o X X X X o X 7 64%
Raccoon X o o X o X o X X X 6 55%
Striped Skunk X X X X X X X X X X 10 91%
Mink X X 2 18%
Long-tailed Weasel X X X X X X X 7 64%
Franklin's G. s.a ? X X 2 18%
Red Fox X o X X X X X X X X X 10 91%
Coyote X X X X 4 36%
Total Mammalian Spp. 5 2 3 4 3 7 3 5 6 3 6
h-*
Great-horned Owl X X X X 4 36% VO
American Crow X X X 3 27%
Black-billed Magpie X 1 9%
Large Gull Spp. X X X X X X 6 55%
Red-tailed Hawk X X X X X X X X X 9 82%
Northern Harrier X X X X X X X X X X X 11 100%
Swainson's Hawk X X X X X X X 7 64%
Unknown Large Hawk X X X X X X X X X X X 11 100%
Total Avian Spp. 3 5 6 4 2 5 2 4 3 2 2
a Franklin's Ground Squirrel
b Includes California and Ring-billed gulls, but excludes Bonaparte's and Franklin's gulls.
Table 14. Mammalian and avian predators detected on study area sections on Lonetree WMA, 1995.
1995 NP Study Areas (n=9)
PREDATOR SPECIES 501 503 507 509 513 515 523 525 527 Total (Percent)
Badger X X o o X X X o 5 56%
Raccoon o o X X o X X X X 6 67%
striped Skunk X X X X X X X X 8 89%
Mink X 1 11%
Long-tailed Weasel X X X 3 33%
Franklin's G. S.a X X X 3 33%
Red Fox X X X X X X X X X 9 100%
Coyote X X X X X X X X 8 89%
Total Mammalian Spp. 7 3 5 4 3 6 5 5 5
Great-horned owl X X X 3 33%
American Crow X X X X 4 44%
Black-billed Magpie 0 0%
Large Gull Spp. X X X X X X X X 8 89%
Red-tailed Hawk X X X X X X X X 8 89%
Northern Harrier X X X X X X X X X 9 100%
Swainson's Hawk X X X X X X 6 67%
Unknown Large Hawk X X X X X X X X 8 89%
Total Avian Spp. 5 4 4 4 3 4 6 4 1
x Species present as detected by sighting, incidental tracks, or livetrapping.






1995 PNC Study Areas (n=8)
PREDATOR SPECIES 502 506 520 524 532 534 536 538 Total (Percent)
Badger X X X X X X o 6 75%
Raccoon X X o X X X X 6 75%
striped Skunk X X X X X o X X 7 88%
Mink 0 0%
Long-tailed Weasel X X 2 25%
Franklin's G. s.a X X 2 25%
Red Fox X X X X X X X X 8 100%
Coyote X X X X X 5 63%
Total Mammalian Spp. 7 5 3 6 6 1 5 3
Great-horned Owl X X X 3 38%
American Crow X X X X 4 50%
Black-billed Magpie 0 0%
Large Gull Spp. X X X X X 5 63%
Red-tailed Hawk X X X X X X X X 8 100%
Northern Harrier X X X X X X X 7 88%
Swainson's Hawk X X X X X 5 63%
Unknown Large Hawk X X X X X X X 7 88%
Total Avian spp. 3 6 4 3 5 3 4 3
a Franklin's Ground squirrel.
b Includes California and Ring-billed gulls, but excludes Bonaparte's and Franklin's gulls.
Table 15. Annual mammalian and avian predator detections for all study area sections 
on Lonetree WMA, 1994-95.
PREDATOR SPECIES 1994 TOTAL 
(n=22)
(PERCENT) 1995 TOTAL 
(n=17)
(PERCENT)
Badger 13 ( 59%) 11 ( 65%)
Raccoon 13 ( 59%) 12 ( 71%)
striped Skunk 20 ( 91%) 15 ( 88%)Mink 4 ( 18%) 1 ( 6%)Long-tailed Weasel 10 ( 45%) 5 ( 29%)
Franklin's Ground Squirrel 5 ( 23%) 5 ( 29%)
Red Fox 20 ( 91%) 17 (100%)
Coyote 9 ( 41%) 13 ( 76%)
Total Mammalian Spp. Detected 8 8
Great-horned Owl 7 ( 32%) 6 ( 35%)
American Crow 7 ( 32%) 8 ( 47%)
Black-billed Magpie 1 ( 5%) 0 ( 9%)
Large Gull Spp.a 9 ( 41%) 13 ( 76%)
Red-tailed Hawk 19 ( 86%) 16 ( 94%)
Northern Harrier 22 (100%) 16 ( 94%)
Swainson's Hawk 12 ( 55%) 11 ( 65%)
Unknown Large Hawk 22 (100%) 15 ( 88%)
Total Avian Spp. Detected 7 6
a Includes California and Ring-billed gulls, but excludes Bonaparte's and Franklin's gulls.
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Table 16 Predator observation rates for study area sections on Lonetree WMA, 1994
1994 NP Study Areas (n=ll)
PREDATOR SPECIES 401 403 407 409 411 413 415 417 419 421 423 AVG.






Franklin's G. S.a 
Red Fox 
Coyote
0.010 0.043 ----  0.090
----  ----  ----  Q. 026 ----  ----  0.040 ----  ----  ----  ----
----  ----  0.014 ----  ----  ----  ----  ----  ----  ----  ----
----  0.010 ----  0.026 0.045 0.056 ----  ----  ----  0.122 ----
----  ----  ----  ----  ----  ----  ----  0.019 ----  ----  ----


















____________ 0.014 ___ _ ______
0.010 0.043 0.179 0.079
0.178 0.129 0.128 0.067
0.020 0.256 —
0.071 0.029 0.051 0.022
— 0.020 — —
0.111
0.250 0.020 0.123 0.027
0.278 0.220 0.113 0.270
— 0.040 0.066 —











1994 PNC STUDY AREAS (n=ll)
PREDATOR SPECIES 402 404 406 408 410 412 414 416 418 420 422 AVG.






Franklin's G. s.a 
Red Fox 
Coyote
0.031 ----  ----  0.090 ----  ----  ----  0.107 0.010
----  ----  ----  0.019 ----  ----  ----  ----  0.012 ----  0.018
----  ----  ----  0.056 0.045 ----  ----  0.015 0.024 0.017
0.019 ----  ----  ----  ----  ----  ----  ----  ----  ----

















Large Gull Spp. 0.052 0.025
Red-tailed Hawk 0.123 — 0.032 0.037
Northern Harrier 0.113 0.320 0.115 0.204
Swainson's Hawk 0.066 0.010 0.006 0.056
Unknown Large Hawk 0.075 0.103 0.057 0.130
----  0.027 ----  0.045 ----  ----  ----
----  ----  0.031 ----  ----  ----  ----
----  ----  ----  0.015 ----  ----  ----
----  0.027 ----  ----  0.095 ----  0.036
0.079 0.107 ----- 0.194 0.048 0.010 0.145
0.067 0.320 0.141 0.075 0.226 0.178 0.200
----  0.053 ----  0.030 ----  0.020 ----
0.022 0.093 0.063 0.045 0.036 0.030 0.055
0.008






a Franklin's Ground Squirrel.
b Includes California and Ring-billed gulls, but excludes Bonaparte's and Franklin's gulls.
124
Table 17. Predator observation rates for study area sections on Lonetree WMA, 1995.
1995 NP STUDY AREAS (n=9)
PREDATOR SPECIES 501 503 507 509 513 515 523 525 527 AVG.
Observation Hours 71 115 108 65 82 124 163 56 59 94
Badger 0.014 ----  ----  ----  ----  ----  0.006 ----  ----  0.002
Raccoon ----  ----  ----  ----  ----  ----  ----  ----  ----  0.000
Striped Skunk ----  0.043 0.009 0.015 ----  0.032 ----  ----  ----  0.011
Mink ----  ----  ----  ----  ----  ----  ----  ----  ----  0.000
Long-tailed Weasel ----  ----  ----  ----  ----  ----  ----  ----  0.017 0.002
Franklin's G. s.a ----  0.052 ----  ----  ----  0.024 ----  ----  ----  0.008
Red Fox ----  ----  ----  ----  ----  0.008 0.018 ----  ----  0.003
Coyote ----  ----  ----  0.015 ----  ----  ----  ----  ----  0.002
Great-horned Owl 
American Crow
0.028 :___ 0.009 0.012 0.008 0.006




0.014 0.009 0.009 0.015 0.016 0.018 0.071 0.034 0.021
Red-tailed Hawk 0.014 0.052 0.176 0.031 0.305 0.016 0.043 0.250 — 0.099
Northern Harrier 0.042 0.104 0.176 0.015 0.195 0.194 0.025 0.179 0.220 0.128
Swainson's Hawk 0.141 0.043 — 0.046 — 0.048 0.031 0.018 0.036




________________________ 19 9 5 PNC STUDY AREAS (n=8)__________________________
PREDATOR SPECIES 502 506 520 524 532 534 536 538 AVG.










0.026 ----  0.043 ----  0.032 ----  0.010 0.026
----  ----  ----  0.024 ----  ----  ----
0.018 0.052 ----  0.008 0.015 ----  ----
Great-horned Owl 
American Crow 





----  ----  0.235 0.010


















































a Franklin's Ground Squirrel.
b Includes California and Ring-billed gulls, but excludes Bonaparte's and Franklin's gulls.
Table 18. Annual predator observation rates for all study area sections on Lonetree WMA, 1994-95.
PREDATOR SPECIES 1994 TOTAL ( RATE3) 
SIGHTINGS
1995 TOTAL ( RATE3) 
SIGHTINGS
Total Observation Hours 1267 1341
Badger 0 (0.000) 2 (0.001)
Raccoon 0 (0.000) 0 (0.000)
Striped Skunk 24 (0.019) 18 (0.013)
Mink 0 (0.000) 0 (0.000)
Long-tailed Weasel 6 (0.005) 1 (0.001)
Franklin's Ground Squirrel 1 (0.001) 3 (0.002)
Red Fox 19 (0.015) 11 (0.008)
Coyote 2 (0.002) 1 (0.001)
Total Mammalian Spp. 5 6 »-»to
Great-horned owl 10 (0.008) 21 (0.016)
American crow 10 (0.008) 6 (0.004)
Black-billed Magpie 1 (0.001) 0 (0.000)
Large Gull Spp. 27 (0.021) 23 (0.017)
Red-tailed Hawk 93 (0.073) 136 (0.101)
Northern Harrier 228 (0.180) 166 (0.124)
Swainson's Hawk 32 (0.025) 35 (0.026)
Unknown Large Hawk 84 (0.066) 57 (0.043)
Total Avian Spp. 7 6
3 Rate = Sightings/Total Observation Hours.
b Includes California and Ring-billed gulls, but excludes Bonaparte's and Franklin's gulls.
Table 19. Livetrapping record for Lonetree WMA, 1994
STUDY AREAS
TOTAL FRANKLIN'S LONG-TAILED STRIPED
TRAP GROUND SQUIRREL WEASEL SKUNK
DAYS CAPTURES (RATEa) CAPTURES (RATE3) CAPTURES (RATE3) OTHER SPECIES CAPTURES
1994 Native Grass Planting (NP)
401 14 — — — N. Pocket Gopher*3
403 14 — — — —
407 14 1 (0.071) — 1 (0.071) 13-lined G.S.C409 14 1 (0.071) — — —
411 14 — — — —
413 14 — — — —
415 14 — 1 (0.071) 1 (0.071) —417 14 — — — —
419 14 2 (0.143) — — —
421 14 2 (0.143) — — —
423 14 — — — —







TOTAL FRANKLIN'S LONG-TAILED STRIPED
TRAP GROUND SQUIRREL WEASEL SKUNK
STUDY AREAS DAYS CAPTURES (RATE3) CAPTURES (RATE3) CAPTURES (RATE3) OTHER SPECIES CAPTURES (RATE3)
1994 Dense Nesting Cover (DNC)
402 14 — — — —
404 14 2 (0.143) — — —
406 14 — — 1 (0.071) —
408 14 — 1 (0.071) — —
410 14 — — — —
412 14 1 (0.071) — — —
414 14 — 1 (0.071) — —
416 14 — — — —
418 14 — 1 (0.071) — —
420 14 — — — —
422 14 — — — —




Rate = Captures/Total Trap Days.
Northern pocket gopher (Thomomvs talpoides).
Thirteen-lined ground squirrel (Spermophilus tridecemlineatus).
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CAPTURES (RATE3) OTHER SPECIES CAPTURES (RATE
1995 Native Grass Planting (NP)
501 14 — — — —
503 14 — — — —
507 14 — — — —
509 14 — — — —
513 14 — — — —
515 14 — — — —
523 14 — — — —
525 14 — — — —
527 14 1 (0.071) — — —
Mean (n=9) 14 (0.008) (0.000) (0.000)
1995 Dense Nesting Cover (DNC)
502 14 1 (0.071) — 2 (0.143) —
506 14 — — — —
520 14 — — — —
524 14 — 1 (0.071) — —
532 14 — — — —
534 14 — — — —
536 14 — — — —
538 14 — — — —
Mean (n=8) 14 (0.009) (0.009) (0.018)
a)
a Rate = Captures/Total Trap Days
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APPENDIX F
HABITAT AND VEGETATION DESCRIPTIONS
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Table 21. Habitat class percentages of study area sections on Lonetree WMA, 1994
1994 NP study Areas
HABITAT CLASS3 401 403 407 409 411 413 415 417 419 421 423 Mean ' 
(n=l 1
1) Grassland 83 77 83 79 67 87 83 86 88 93 63 81
1.1) DNC 19 44 17 24 29 12 34 37 28 1 36 26
1.2) NP 43 29 61 47 24 41 47 32 28 31 27 37
2) Hayland - - - - - - - - - - - 0
3) Wetland 16 14 14 5 6 4 4 12 3 4 5 8
4) Cropland - - - 6 10 - - - - - 24 4
5) Right-of-Way 1 1 1 1 1 1 1 1 1 1 <1 1
6) odd Area 2 8 1 9 16 8 12 <1 7 2 8 7
1994 DNC Study Areas I-*CONJMean Value 
(n=l1)402 404 406 408 410 412 414 416 418 420 422
1) Grassland 86 60 63 49 67 89 73 87 50 77 68 701.1) DNC 37 25 36 28 29 42 41 29 25 44 32 33
1.2) NP 32 - 27 14 24 23 18 19 9 29 11 19
2) Hayland - - - - - - - - - - - 0
3) Wetland 12 38 5 25 6 3 2 4 43 14 23 16
4) Cropland - - 24 - 10 - 20 - 4 - - 5
5) Right-of-Way 1 <1 <1 1 1 1 <1 1 1 1 2 1
6) Odd Area <1 1 8 26 16 7 6 9 2 8 7 8
a Modified from Cowardin et al. (1985).
Table 22. Habitat class percentages of study area sections on Lonetree WMA, 1995.
1995 NP study Areas
HABITAT CLASS3 501 503 507 509 513 515 523 525 527 Mean Value 
(n=9)
1) Grassland 58 67 82 85 76 77 59 66 70 711.1) DNC 19 32 17 30 17 32 33 - 21 22
1.2) NP 31 31 61 47 30 44 25 44 28 38
2) Hayland - - - - - - - - - 0
3) Wetland 39 25 15 5 9 10 8 23 13 16
4) Cropland - - - <1 - - 25 7 11 5
5) Right-of-Way 1 1 1 <1 1 1 <1 1 <1 1
6) odd Area 2 7 1 9 14 12 7 4 5 7
1995 DNC Study Areas
502 506 520 524 532 534 536 538 Mean Value
(n=8)
1) Grassland 53 59 67 67 771.1) DNC 36 33 32 27 32
1.2) NP 15 25 31 12 44
2) Hayland - - - - -
3) Wetland 46 8 25 23 10
4) Cropland - 25 - - -
5) Right-of-Way 1 <1 1 1 1
6) odd Area <1 7 7 9 12
45 68 64 63
25 33 28 31
1 30 34 24
10 - - 1
38 11 16 22
- 7 13 6
<1 <1 <1 1
6 13 6 8
a Modified from Cowardin et al. (1985).
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NATIVE GRASS PLANTING (NP)
401-43-1 2.5 0.4 5.0 0.8 208
401-43-2 3.9 1.0 9.2 1.1 208
403-43-1 2.7 1.2 10.0 2.0 209
407-43-1 1.5 0.6 7.0 2.0 210
409-43-1 2.6 0.3 8.6 2.2 211
411-43-1 2.3 1.2 8.4 2.1 211
413-43-1 1.5 0.7 8.0 2.2 212
415-43-1 1.0 1.0 8.0 1.9 212
417-43-1 2.1 0.6 6.9 1.8 212
419-43-1 1.7 1.2 8.1 1.9 213
419-43-2 2.1 1.0 7.9 1.6 213
421-43-1 0.9 0.8 7.3 2.9 213
421-43-2 1.7 0.9 9.2 1.9 213
421-43-3 3.1 1.2 9.7 2.2 213




2.1 0.8 8.1 1.3 211.5
DENSE NESTING COVER (DNC)
402-42-1 11.8 2.4 16.0 2.0 209
402-42-2 3.4 0.8 7.4 1.5 209
402-42-3 4.0 0.8 8.2 1.6 209
404-42-1 5.8 1.1 12.8 2.5 210













408-42-1 5.8 0.8 12.5 1.6 209
408-42-2 5.0 1.4 12.7 2.9 210
410-42-1 4.9 1.2 10.1 2.2 211
412-42-1 5.9 2.7 10.5 2.6 212
414-42-1 4.8 0.6 8.2 1.7 211
416-42-1 3.7 0.7 9.7 2.5 211
416-42-2 11.0 2.5 16.7 1.9 211
418-42-1 5.4 1.4 12.6 2.3 212
418-42-2 9.1 2.2 13.4 1.7 212
418-42-3 4.7 1.7 8.4 2.8 212
420-42-1 4.2 0.6 8.4 2.5 213
420-42-2 5.5 2.1 10.1 3.3 213
422-42-1 4.5 0.7 11.7 1.5 214




6.4 2.9 11.6 2.9 211.3
a Method modified from Robel et al. (1970) and Higgins and Barker 
(1982). Measurements recorded in dm.
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Table 24. Post-search visual obstruction reading (VOR) (dm) and maximum











NATIVE GRASS PLANTING (NP)
501-43-1 1.7 1.0 7.7 1.5 208
501-43-2 0.7 0.3 6.1 1.6 208
503-43-1 1.4 0.7 10.4 1.1 207
507-43-1 1.2 0.6 8.0 1.2 205
509-43-1 1.2 0.4 7.0 1.4 207
513-43-1 1.1 0.7 8.2 2.2 206
515-43-1 2.4 0.7 10.7 1.6 207
517-43-lb 2.4 0.7 8.1 1.8 205
519-43-lb 2.8 0.7 8.9 1.1 206
52l-43-lb 1.7 1.0 10.3 1.5 209
523-43-1 2.7 0.4 10.1 1.6 207
525-43-1 1.1 0.4 6.3 1.0 208
527-43-1 2.1 0.4 9.2 1.7 208
529-43-lb 1.4 0.5 8.6 1.9 209
NP
Mean Values
(n=10) 1.6 0.6 8.4 1.7 207.1
(n=14)c 1.7 0.7 8.5 1.5 207.1
DENSE NESTING COVER (DNC)
502-42-1 4.9 2.5 9.7 2.7 205
502-42-2 3.4 0.6 7.8 1.8 205
504-42-lb 4.5 0.7 12.3 1.5 208
506-42-1 3.6 0.5 8.1 2.5 207












512-42-lb 3.7 0.9 9.4 2.2 209
518-42-lb 3.8 1.6 12.4 1.6 206
520-42-1 3.8 0.9 9.5 2.7 207
524-42-1 2.7 0.5 8.1 1.6 208
526-42-lb 3.7 0.7 8.3 2.0 206
528-42-lb 3.6 0.6 9.5 1.6 207
530-42-lb 5.2 1.1 11.9 2.0 206
532-42-1 3.8 0.9 10.1 1.8 206
532-42-2 3.8 0.6 9.3 2.1 206
534-42-1 1.6 0.9 7.0 1.2 208
536-42-ld 3.3 0.8 8.1 1.8 209
538-42-ld 3.7 1.5 10.5 2.3 209
DNC
Mean Values
(n=10) 3.5 0.9 8.8 1.1 207.0
(n=17)c 3.7 0.8 9.5 1.6 207.1
a Method modified from Robel et al. (1970) and Higgins and Barker 
(1982). Measurements recorded in dm.
b Line transect from study area not nest dragged in 1995.
c Mean including transects from study areas not nest dragged in 
1995.
d Transect without pre-search residual vegetation values for 
1995.
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Table 25. Pre-search visual obstruction reading (VOR) (dm) and maximumheight (dm) values of residual vegetation on vegetative line










NATIVE GRASS PLANTING (NP)
501-43-1 0.8 0.8 6.3 2.4 124
503-43-1 0.2 0.2 4.6 1.7 119
507-43-1 0.6 0.2 4.4 1.7 112
509-43-1 0.6 0.2 3.6 0.6 119
513-43-1 0.4 0.3 4.2 1.8 118
515-43-1 0.5 0.3 6.1 1.4 119
517-43-lb 0.9 0.4 4.0 1.1 112
519-43-lb 0.9 0.4 5.4 1.5 118
52l-43-lb 0.5 0.3 6.2 1.5 126
523-43-1 0.9 0.4 5.8 1.6 120
525-43-1 0.4 0.2 4.0 1.4 121
527-43-1 0.9 0.3 5.5 1.0 125
529-43-1 0.5 0.3 6.0 1.4 125
NP
Mean Values
(n=9) 0.6 0.2 4.9 1.0 119.7
(n=13)c 0.6 0.2 5.1 1.0 119.8
DENSE NESTING COVER (DNC)
502-42-1 0.9 0.4 7.2 2.0 112
504-42-lb 2.1 0.8 11.4 3.1 125
506-42-1 1.1 0.4 9.0 3.7 119
508-42-lb 1.2 0.3 8.2 2.6 125
512-42-lb 0.8 0.3 6.2 2.9 126









520-42-1 1.0 0.4 7.4 2.8 119
524-42-1 0.7 0.3 5.8 2.0 120
526-42-lb 1.0 0.3 9.7 2.6 113
528-42-lb 1.0 0.5 6.6 2.3 120
530-42-lb 1.7 0.8 10.3 1.9 113
532-42-1 0.8 0.3 7.5 2.3 118






(n=6) 0.8 0.2 7.0 1.3 118.8
(n=13)c 1.1 0.4 8.0 1.8 119.5
a Method modified from Robel et al. (1970) and Higgins and Barker 
(1982). Measurements recorded in dm.
b Line transect from study area not nest dragged in 1995.
c Mean including transects from study areas not nest dragged in 
1995.
d Transect without residual vegetation values for 1995.
Table 26. Percent botanical species 
Lonetree WMA, 1994.a
composition of native grass planting vegetative line transects
1994 NP Line Transects
PLANT SPECIES 401-43-1 401-43-2 403-43-1 407-43-1 409-43-1 411-43-1
CHENOPODIACEAE - - 10 - - 20
ChenoDodium alba - - - -
Kochia scoparia - 6 — —
Salsola iberica — 4 — 20
AMARANTHACEAE — 3 - - - -
Amaranthus retroflexus - 3 “ — —
BRASSICACEAE - - - - - 1
Descurainia sophia - — 1
CONVOLVULACEAE — 1 - - - 13
Convolvulus arvensis 1 - 13
ASTERACEAE — 9 8 1 - 8
Artemisia absinthium - 3 - - - 1
cirsium undulatum - - - - 1
Convza canadensis - 3 1 “
Grindelia sauarrosa - - - -
Iva xanthifolia - - 1
Lactuca oblonqifolia - - 8 -
Ratibida columnifera -
Sonchus arvensis - 3 - -
Sonchus oleraceus - - - - - 3
Traqopoqon dubius - - - - 2
Xanthium strumarium — — — “
POACEAE 100 87 82 99 100 58
Aqropvron cristatum - - - -
Aqropvron intermedium 1 3
Aqropvron repens 37 - 2 2 “ 9
Aqropvron smithii 8 81 33 4 1
(Continued)
Table 26. Continued
1994 NP Line Transects
PLANT SPECIES 401-43-1 401-43-2 403-43-1 407-43-1 409-43-1 411-
Bouteloua curtioendula _ _ 8 21 73 9
Bouteloua qracilis - - - - -
Bromus inermis 1 - 5 - -
Elvmus canadensis - - - - -
Hordeum iubatum - - - - - -
Panicum viraatum
Poa oratensis - - - -
Setaria viridis - 2 21 - 9
stioa viridula 54 3 18 71 23 27
soil Aspectb
Hydric 23 19
Me sic 100 77 81 67 100 54
Xeric - - - 33 - 46
Total Ground Coverc 90 94 98 90 98 90




1994 NP Line Transects
PLANT SPECIES 413-43-1 415-43-1 417-43-1 419-43-1 419-43-2 421-43-1
CHENOPODIACEAE - 1 - - 3 -
Chenooodium alba - 1 - - -
Kochia scoDaria - - -
Salsola iberica — — ~ 3 —
AMARANTHACEAE _ — - - - -
Amaranthus retroflexus “ - — —
BRASSICACEAE - - - - - -
Descurainia soohia “ “ — “
C ONV OLVULACEAE — - - - - -
Convolvulus arvensis - - - “ —
ASTERACEAE 5 6 1 - 2 -
Artemisia absinthium - - 1 - 1 -
Cirsium undulatum 5 - - - -
Convza canadensis - - - - - -
Grindelia sauarrosa - - - - -
Iva xanthifolia - “
Lactuca oblonqifolia - - - - - -
Ratibida columnifera - -
Sonchus arvensis - 6
Sonchus oleraceus - - - - - -
Traqoooqon dubius - - - -
Xanthium strumarium — “ 1 “
POACEAE 95 93 99 100 95 100
Aqroovron cristatum - - - - - 12
Aqroovron intermedium - - -
Aqroovron reoens 21 - 83 1
Aqroovron smithii - 15 8 65 5 34




1994 NP Line Transects
PLANT SPECIES 413-43-1 415-43-1 417-43-1 419-43-1 419-43-2 421
Bouteloua qracilis _ 1 _ _ _ _
Bromus inermis - 1 12 - - -
Elymus canadensis - - - - - 1
Hordeum iubatum - - - 11 - 13
Panicum viraatum 1 - “ “
Poa oratensis - - 1 - - -
Setaria viridis - 1 - - 2 -
Stina viridula 53 34 59 19 5 16
Soil Aspectb
Hydric 9 16
Mesic 41 26 79 45 78 8
Xeric 59 65 21 39 22 92
Total Ground Coverc 90 88 93 90 98 81




1994 NP Line Transects
PLANT SPECIES 421-43-2 421-43-3 423-
CHENOPODIACEAE . _ _
chenooodium alba - - -
Kochia scooaria
Salsola iberica —
AMARANTHACEAE - - -
Amaranthus retroflexus “ —
BRASSICACEAE - - -
Descurainia soohia - — “
CONVOLVULACEAE - - -
Convolvulus arvensis - “ —
ASTERACEAE 5 - -
Artemisia absinthium - “
cirsium undulatum - - -
Convza canadensis - - -
Grindelia sauarrosa 3 -
Iva xanthifolia “ -
Lactuca oblonqifolia 1 “
Ratibida columnifera 1 - “
Sonchus arvensis - -
Sonchus oleraceus - - -
Traaonoaon dubius -
Xanthium strumarium _
POACEAE 95 100 100
Aqroovron cristatum -
Aqroovron intermedium “ 5
Aqroovron reoens 22 57
Aqroovron smithii 3 6 37
Bouteloua curtioendula 6 2
(Continued)
Table 26. Continued
1994 NP Line Transects
PLANT SPECIES 421-43-2 421-43-3 423-43-1
Bouteloua qracilis - - -
Bromus inermis 4 4 -
Elvmus canadensis - - -
Hordeum iubatum - -
Panicum viraatum “ -
Poa Dratensis “
Setaria viridis - - -
stipa viridula 60 31 39
Soil Aspectb
Hydric “ 13
Me sic 29 91 87
Xeric 71 9 - H*
Total Ground Cover0 98 99 95 U1Total Herbaceous coverd 36 63 46
a Evans and Love (1957) step-point method as modified by Owensby (1973).
b site definition of the approximate soil aspect at each individual hit or miss of the point-frame 
jig.
c Determined by a hit or miss of vegetation by the point-frame jig (i.e., basal cover estimate).
d Determined by 10 cover class estimates taken from a modified square foot (12" x 12") frame 
subdivided into four 6-inch squares on the point-frame jig.
Table 27. Percent botanical species composition of dense nesting cover vegetative line transects on 
Lonetree WMA, 1994.a
1994 PNC LINE TRANSECTS
PLANT SPECIES 402-42-1 402-42-2 402-42-3 404-42-1 406-42-1 408'
FABACEAE 75 89 31 1 100 65
Astraqalus Dlattensis - - - - -
Medicaqo sativa 40 89 31 1 34 65
Melilotus alba - - - - - -
Melilotus officianalis 35 - “ 66
CONVOLVULACEAE _ 8 _ 13 - -
Convolvulus arvensis 8 - 13 -
ASTERACEAE 1 — 1 9 - 2
Artemisia absinthium 1 - 1 - - -
Convza canadensis - - - - - 2
Lactuca oblonqifolia - - - - - -
Sonchus arvensis - - - -
Sonchus oleraceus 9 “ -
POACEAE 24 3 68 77 0 33
Aqroovron cristatum - - - - - 1
Aqroovron elonqatum 24 - 75 2
Aqroovron intermedium - 3 1 “ 26
Aqroovron reoens - “ 1 - 3
Bromus inermis - “ 67
Hordeum iubatum - - - - - -
Poa oratensis 1
Setaria viridis - — “ — 2
Soil Aspectb
Hydric - 9 5
Mesic 96 77 100 91 100 95
Xeric 4 23 - - -
Total Ground Coverc 92 93 99 100 100 99
Total Herbaceous Coverd 63 62 78 68 85 51
(Continued)
Table 27. Continued
1994 PNC LINE TRANSECTS
PLANT SPECIES 408-42-2 410-42-1 412-42-1 414-42-1 416-42-1 416-
FABACEAE 1 72 63 72 15 80
Astraqalus olattensis - - - -
Medicaqo sativa 1 70 43 71 13 45
Melilotus alba - - -
Melilotus officianalis 2 20 1 2 35
CONVOLVULACEAE - - - - - -
Convolvulus arvensis “ - “
ASTERACEAE 9 15 5 12 - -
Artemisia absinthium - - 5 - -
Convza canadensis - - - -
Lactuca oblonqifolia - -
Sonchus arvensis - -
Sonchus oleraceus 9 15 12 —
POACEAE 90 13 32 16 85 20
AqroDvron cristatum - - - - “
Aqronvron elonqatum 69 13 “ - 29 20
Aqronvron intermedium “ 11 16 - -
Aqronvron renens 3 “ 19 53 —
Bromus inermis 1 - 2 - — —
Hordeum iubatum - - - “
Poa Dratensis “ “ 1
Setaria viridis 17 — — 2 —
Soil Aspectb
Hydric 20 “ 4 “ 43 3
Me sic 80 100 90 100 57 97
Xeric - - 6 “ “
Total Ground Coverc 94 99 100 99 98 100




1994 PNC LINE TRANSECTS
PLANT SPECIES 418-42-1 418-42-2 418-42-3 420-42-1 420-
FABACEAE 6 77 61 94 79
Astraqalus olattensis - - 1 - -
Medicaqo sativa 5 37 42 94 75
Melilotus alba - - - - -
Melilotus officianalis 1 40 18 “ 4
CONVOLVULACEAE — - - - -
Convolvulus arvensis “ “ — “
ASTERACEAE — - - 4 2
Artemisia absinthium - - - - -
Convza canadensis - - - 1 1
Lactuca oblonqifolia - - - 3 1
Sonchus arvensis - - - -
Sonchus oleraceus “ “ - —
POACEAE 94 23 39 2 19
Aqroovron cristatum - - - - “
Aqroovron elonqatum 94 23 7 1 10
Aqroovron intermedium “ 1 9
Aqroovron reoens - — —
Bromus inermis - - 32 -
Hordeum iubatum - - - -
Poa Dratensis - “ -
Setaria viridis — “ ~
Soil Aspectb
Hydric - 8 -
Me sic 81 78 100 92 100
xeric 19 22 - -
Total Ground Coverc 96 98 100 100 100
Total Herbaceous Coverd 77 42 81 92 87
(Continued)
Table 27. Continued
1994 PNC LINE TRANSECTS
PLANT SPECIES 422-42-1 422
FABACEAE 34 67
Astraqalus olattensis - -
Medicaqo sativa 31 31
Melilotus alba - 1
Melilotus officianalis 3 35
C ONVOLVULACEAE _ _
Convolvulus arvensis -
ASTERACEAE _ 17
Artemisia absinthium - -
Convza canadensis - -
Lactuca oblonqifolia - -
Sonchus arvensis - 17
Sonchus oleraceus
POACEAE 66 16
Aqroovron cristatum - -
Aqroovron elonqatum 22 11
Aqropyron intermedium 43 -
Aqroovron repens
Bromus inermis - 5
Hordeum iubatum 1 -




Me sic 90 92
Xeric - -
Total Ground Coverc 91 99
Total Herbaceous Coverd 58 67
(Continued)
Table 27. Continued
a Evans and Love (1957) step-point method as modified by Owensby (1973).
b site definition of the approximate soil aspect at each individual hit or miss 
jig.
c Determined by a hit or miss of vegetation by the point-frame jig (i.e., basal
d Determined by 10 cover class estimates taken from a modified square foot (12" 





Table 28. Percent botanical species composition of native grass planting vegetative line transects on 
Lonetree WMA, 1995.a
1995 NP Line Transects
PLANT SPECIES 501-43-1 501-43-2 503-43-1 507-43-1 509-43-1 513-
EQUISITACEAE - - - - - 1
Eauisetum fluviatile _ ~ — 1
FABACEAE - - 1 - - -
Medicaqo sativa “ “ 1 — —
CONVOLVULACEAE 1 - - - - -
Convolvulus arvensis 1 “ - — —
ASTERACEAE 2 — 7 12 - 15
Artemisia absinthium 2 - - 12 - -
Chrvsoosis villosa - - - - - -
convza canadensis 7 - - 15
Sonchus arvensis - - -
Sonchus oleraceus - - “ - - “
POACEAE 97 100 92 88 100 84
Aqroovron cristatum - - -
Aqroovron intermedium - - - -
Aqroovron reoens 13 7 - 7
Aqroovron smithii 66 8 1 22 -
Bouteloua curtioendula 5 37 9 - 15 27
Bouteloua qracilis - - - 3
Bromus inermis 11 1 2 -
Hordeum iubatum - - 1 -
Poa Dratensis - “ - “
Stipa viridula 15 54 66 81 63 47
Soil Aspectb
Hydric 42 -
Mesic 26 39 100 93 100 75
Xeric 32 61 - 7 - 25
Total Ground Cover0 89 85 84 70 91 97




1995 NP Line Transects
PLANT SPECIES 515-43-1 517-43-le 519-43-le 521-43-le 523-43-1 525-
EQUISITACEAE
Equisetum fluviatile — —
FABACEAE - - - - - -
Medicaqo sativa “ - — “
CONVOLVULACEAE - - - 3 - -
Convolvulus arvensis - - 3 “
ASTERACEAE 3 3 1 - - -
Artemisia absinthium - 1 - - -
chrvsoDsis villosa - 1 - - - -
convza canadensis -
Sonchus arvensis 3 - 1 - - -
Sonchus oleraceus “ 1 “ - “
POACEAE 97 97 99 97 100 100
Aoroovron cristatum 1 - - - -
AaroDvron intermedium - “ “ 6
Aoroovron reoens 1 9 2 18 3 32
Aqroovron smithii 16 36 75 5 39 18
Bouteloua curtioendula 14 9 1 7 - 26
Bouteloua qracilis - - “
Bromus inermis 3 19 1 1 1 2
Hordeum iubatum 1 5 - - -
Poa Dratensis 1 1 “ - “ -
Stioa viridula 60 18 20 60 57 22
Soil Aspectb
Hydric 20 17 20 13
Me sic 100 76 83 28 87 85
Xeric - 4 - 52 - 15
Total Ground Coverc 98 91 100 91 94 83

















Sonchus arvensis Sonchus oleraceus
POACEAE




































a Evans and Love (1957) step-point method as modified by owensby (1973).
b Site definition of the approximate soil aspect at each individual hit or miss 
jig.
c Determined by a hit or miss of vegetation by the point-frame jig (i.e., basal
d Determined by 10 cover class estimates taken from a modified square foot (12” 
subdivided into four 6-inch squares on the point-frame jig.





Table 29. Percent botanical species composition of dense nesting cover vegetative line transects on 
Lonetree WMA, 1995 .a
1995 PNC LINE TRANSECTS
PLANT SPECIES 502-42-1 502-42-2 504-42-lb 506-42-1 508-42-lb 512
FABACEAE 80 28 2 89 69 68
Medicaqo sativa 80 28 2 89 69 68
CONVOLVULACEAE _ _ 3 _ _ _
Convolvulus arvensis “ 3 -
ASTERACEAE 12 2 _ 8 _ 5
Artemisia absinthium 12 2 - - - 1
Chrvsoosis villosa - - - - - -
Cirsium arvense “ - - - -
Convza canadensis - - - - - -
Ratibida columnifera - - - - - -
Sonchus arvensis 8 - 4
POACEAE 8 10 95 3 31 27
AaroDvron cristatum - - - - - -
Aaroovron elonaatum 1 - 23 1 2 3
Aqroovron intermedium 7 - 55 2 25 18
Aqroovron reoens - - 17 - 3 5
Bromus inermis - 70 - - 1 1
Poa pratensis - - - - - -
Stipa viridula — — - “ “
soil Aspect0
Hydric - - 90 - 7 19
Me sic 100 100 10 100 93 81
Xeric - - - - - -
Total Ground Coverd 90 86 91 99 97 100
Total Herbaceous Covere 51 55 52 92 84 90
(Continued)
Table 29. Continued
1995 PNC LINE TRANSECTS
PLANT SPECIES 518-42-lb 520-42-1 524-42-1 526-42-lb 528-42-lb 530
FABACEAE 4 82 66 84 45 8
Medicaqo sativa 4 82 66 84 45 8
CONVOLVULACEAE — — 4 — - —
Convolvulus arvensis 4
ASTERACEAE 3 _ _ — — _
Artemisia absinthium - - - - - -
Chrvsoosis villosa - - - - - -
Cirsium arvense - - - - - -
Convza canadensis 3 - - - - -
Ratibida columnifera - - - - - -
Sonchus arvensis - - - -
POACEAE 93 18 30 16 55 92
Aqroovron cristatum - - - - - -
Aqroovron elonqatum 93 11 - 13 - 88
Aqropyron intermedium 7 24 2 35 “
Aqroovron reDens - 6 “ 17 4
Bromus inermis - - - 1 3 -
Poa pratensis - - - - - -
Stipa viridula — “ -
Soil Aspect0
Hydric - - - - 34 -
Mesic 76 100 100 100 66 100
Xeric 24 - - - - -
Total Ground Cover*3 85 98 94 99 98 97




1995 DNC LINE TRANSECTS
PLANT SPECIES 532-42-1 532-42-2 534-42-1 536-42-lf 538
FABACEAE 18 84 5 77 42
Medicaqo sativa 18 84 5 77 42
CONVOLVULACEAE _ _ 4 3 _
Convolvulus arvensis - 4 3 -
ASTERACEAE 1 1 7 6 9
Artemisia absinthium 1 - - - —
Chrvsoosis villosa - - 4 - -
Cirsium arvense - - - 2 -
Convza canadensis - - - - -
Ratibida columnifera - - 3 - -
Sonchus arvensis 1 - 4 9
POACEAE 81 15 84 14 49
AqroDvron cristatum - - 6 - -
Aqroovron elonqatum 39 13 - - 30
Aqroovron intermedium - - - 12 13
Aqroovron reoens 42 - - - 5
Bromus inermis - 2 3 2 -
Poa oratensis - - 25 - -
stioa viridula - - 1
Soil Aspect0
Hydric 43 5 9 28 40
Me sic 57 95 53 72 52
Xeric - - 38 - 8
Total Ground Coverd 99 100 93 97 98




a Evans and Love (1957) step-point method as modified by Owensby (1973). 
b Line transect on study area not nest dragged in 1995.
c Site definition of the approximate soil aspect at each individual hit or miss 
jig.
d Determined by a hit or miss of vegetation by the point-frame jig (i.e., basal
e Determined by 10 cover class estimates taken from a modified square foot (12" 
subdivided into four 6-inch squares on the point-frame jig.






SMALL MAMMAL TRAPPING RECORD, N.D. HANTAVIRUS SURVEY 
(R. SEABLOOM, UNIV. NORTH DAKOTA BIOL. DEP. , UNPUBL. DATA)
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Table 30. Small mammal trapping record conducted for the Center for 
Disease Control (North Dakota Hantavirus survey) on 
Lonetree WMA, 1994-95 (R. Seabloom, Univ. North Dakota 
Biol. Dep., Unpubl. Data).3
Scientific Name
1994 1995
Captures (%)b Captures (%)b
Sorex cinereus 1 ( 1.0%)
Spermophilus tridecemlineatus 2 ( 2.1%) 4 ( 3.6%)
Peromvscus maniculatus 42 (43.3%) 38 (34.5%)
Peromvscus s p p . 3 ( 3.1%)
Combined Peromvscus spp. 45 (46.4%) 38 (34.5%)
Microtus pennsvlvanicus 29 (29.9%) 9 ( 8.2%)
Microtus ochroqaster 
Microtus spp. 2 ( 2.1%)
5 ( 4.5%)
Combined Microtus spp. 31 (32.0%) 14 (12.7%)
Mus musculus 16 (16.5%)
Zapus hudsonius 33 (30.0%)
Zapus princeps 1 ( 1.0%) 2 ( 1.8%)
Zapus spp. 2 ( 2.1%) 18 (16.4%)
Combined Zapus spp. 3 ( 3.1%) 53 (48.2%)
All Species Combined:
Total Captures 97 110
Total Trap-Nights 621 1094
Capture Ratec 0.156 0.101
Combined Microtus:
Total Captures 31 (32.0%) 14 (12.7%)
Total Trap-Nights 621 1094
Capture Rate0 0.050 0.013
3 Present address: Univ. of North Dakota, Dept, of Biology, 
P.O. Box 9019, Grand Forks, N.D. 58202-9019.
b Percent of total captures.
c Total Captures/Total Trap-Nights.
APPENDIX H
NON-DUCK SPECIES APPARENT NEST SUCCESS
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Table 31. Non-duck species apparent nest success estimates in dense 








H/T <%)a {b} H/T (%)a {b}
American Bittern (#190) 
(Botaurus lentiqinosus)
1994 0/2 ( 0%)
1995 2/2 (67%) {1}Combined Years 2/4 (50%) {1}





















0/1 ( 0%) 
1/4 (25%)
Upland Sandpiper (#261) 
(Bartramia lonqicauda)
1994 0/1 ( 0%)
1995 2/2 (100%)











































(A.O.U.#) H/T (%)a {b}
Northern Harrier (#331) 
(Circus cvaneus)
1994 6/12 (50%)
1995 1/2 (50%) {1}Combined Years 7/14 (50%) {1}
Short-eared Owl (#367)
(Asio flammeus)
1994 6/8 (75%) {3}
1995
Combined Years 6/8 (75%) {3}
NP COMBINED
H/T (%)a {b} H/T (%)a {b>
6/12 (50%)
1/2 (50%) {1}7/14 (50%) {1}
1/2 (50%) 7/10 (70%) {3}
1/2 (50%) 7/10 (70%) {3}
a Ratio of hatched (H) nests to total usable (T) nests in 
estimating apparent nest success.
b Number of nests found which were not included in estimating
apparent nest success. The reason the nest was not used was due 
to either the nest being abandoned, destroyed by investigator, 
lost, or had some other type of investigator influenced 
disturbance.
APPENDIX I
BOTANICAL, AVIAN, AND MAMMALIAN CHECKLISTS
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Table 32. Botanical checklist in native grass plantings and dense 
nesting cover on Lonetree WMA, 1994-95.




Equisetum fluviatile water horsetail X
Chenopodiaceae
Chenooodium album lamb's quarter's X
Kochia scooaria kochia X
Salsola iberica Russian-thistle X
Amaranthaceae
Amaranthus retroflexus rough pigweed X
Brassicaceae
Descurainia sophia flixweed X
Fabaceae
Astraqalus olattensis Platte River milk-vetch X
Medicaqo sativa alfalfa X X
Melilotus alba white sweet clover X
Melilotus officianalis yellow sweet clover X
Euphorbiaciae
Euphorbia esula leafy spurge X X
Convolvulaceae
Convolvulus arvensis field bindweed X X
Asteraceae
Artemisia absinthium wormwood X X
Chrvsopsis villosa golden aster X X
Cirsium arvense Canada or field thistle X
Cirsium undulatum wavy-leaf thistle X
Convza canadensis horse-weed X X
Grindelia squarrosa curly-top gumweed X
Iva xanthifolia marsh elder X
Lactuca oblonqifolia blue lettuce X X
Ratibida columnifera prairie coneflower X X
Sonchus arvensis field sow thistle X X
Sonchus oleraceus common sow thistle X X
Traqopoqon dubius goat's beard X
Xanthium strumarium cocklebur X
PoaceaeAqropyron cristatum crested wheatgrass X X
Aqropvron elonaatum tall wheatgrass X
Aqropvron intermedium intermediate wheatgrass X X
Aqropvron repens quackgrass X X
Aqropvron smithii western wheatgrass X
Bouteloua curtipendula sideoats grama X
Bouteloua qracilis blue grama X





Scientific Name3 Common Name3 NP DNC
Hordeum iubatum foxtail barley X X
Panicum virqatum switchgrass X
Poa oratensis Kentucky bluegrass X X
setaria viridis green foxtail X X
stipa viridula green needlegrass X X
a Lists of scientific names, common names, and identifications 
were derived from works of the Great Plains Flora Association 
( 1986 ) .
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Table 33. Avian checklist3 in native grass plantings and dense nesting 
cover on Lonetree WMA, 1994-95.














































Green-winged Teal X X
Mallard X X
Northern Pintail X X
Blue-winged Teal X X
Northern shoveler X X
Gadwall X X
American Wigeon X X
Redhead X
Lesser Scaup X
Northern Harrier X X
Swainson's Hawk X X
Red-tailed Hawk X X
Gray Partridge X
Ring-necked Pheasant X
sharp-tailed Grouse X X
wild Turkey X
willet X
Upland Sandpiper X X
Marbled Godwit X
Wilson's Phalarope X
Franklin's Gull X X
Ring-billed Gull xb X1











Bubo virqinianus Great Horned Owl X X










Westerm Kingbird X X
Tvrannus tyrannus Eastern Kingbird X X
Family Alaudidae
Eremiophila alpestris Horned Lark X
Family Corvidae 
Pica pica Black-billed Magpie X
Corvus brachvrhvnchos American Crow X X
Family Troglodytidae 
cistothorus platensis Sedge Wren X
Family Laniidae








Spiza americana Dickcissel X
subfamily Emberizinae 
Spizella pallida Clay-colored Sparrow X
Pooecetes qramineus Vesper Sparrow X
Passerculus sandwichensis Savannah sparrow X X
Ammodramus bairdii Baird's Sparrow X
Ammodramus savannarum Grasshopper sparrow X
Ammodramus leconteii Le Conte's Sparrow X X
Ammodramus caudacutus Sharp-tailed Sparrow X
Melospiza melodia Song Sparrow X
Calcarius ornatus Chesnut-collared Longspur X
Subfamily Icterinae 
Dolichonvz orvzivorus Bobolink X X
Aqelaius phoeniceus Red-winged Blackbird X X
Sturnella neqlecta Western Meadowlark X X
Molothrus ater Brown-headed Cowbird X X
Family Fringillidae 
Subfamily Carduelinae 




a The checklist contains species which were incidentally viewed or 
heard on NP and DNC plantings during the years of 1994-95. Since 
the checklist was not part of the project objectives, in no way 
is it a complete list of all species which may have occurred on 
the two cover types in 1994-95. More reliable non-waterfowl 
data could be obtained through sytematic breeding bird surveys 
conducted solely on the two cover types.
b Ring-billed and California gulls were not differentiated while 
in the field due to the distances of sightings and the 
capability of observers'.
c Species observed on or adjacent to DNC plantings in tree 
plantings or willow patches.
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Table 34. Mammalian checklist3 in native grass plantings and dense 
nesting cover on Lonetree WMA, 1994-95.







Lepus townsendii White-tailed Jackrabbit X
Order Rodentia 
Family Sciuridae
Spermophilus franklinii Franklin's G. squirrel X X
Spermophilus richardsonii Richardson's G. squirrel X X
Spermophilus tridecemlineatus 13-lined Ground Squirrel X X
Family Geomyidae 
Thomomvs talpoides Northern Pocket Gopher X X
Family Cricetidae 
Subfamily Cricetinae 
Peromvscus maniculatus Deer Mouse b X
Subfamily Microtinae 
Clethrionomvs qapperi Southern Red-backed Vole b X
Microtus pennsvlvanicus Meadow Vole b X
Order Carnivora 
Family Canidae 
Canis latrans Coyote X X
Vulpes vulpes Red Fox X X
Family Procyonidae 
Procvon lotor Raccoon X X
Family Mustelidae 
Mustela frenata Long-tailed Weasel X X





Mephitis mephitis Striped skunk X X
Order Artiodactyla 
Family Cervidae
Odocoileus hemionusc Mule Deer X




Antilocapra americanad Pronghorn X
a The checklist is a summary of incidental observations of species 
observed by sight, tracks, or trapping. The list is not 
intended to be a complete list of all species occurring on the 
two cover types, but species we detected while conducting the 
project. A more complete list of mammalian species could be 
obtained through systematic surveys of Lonetree WMA.




c A mule deer doe and 1 fawn were observed on study area 523.
d A group of pronghorns were seen on several occasions on 534,
believed to be from previous Turtle Lake, N.D. re-introduction.
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